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^ ^ 4i \ o o 


"Vj .Ajf-I j3 4 Ai>Lwj t 4^9 -LvSjj 4—>IxS\JLi ( 4 ij *j J-^sl 

4 C ^j-P , * — ' (1) ^ ^.^"1 *Xj2^P I 

j| J jiJl ^ jj* ^lill t-«*~Jlj ^ ( J^ , Nl jA i—>lxSCJl l)I <JjVl 

/ ’'of-! jjjJl a^ljj 'i/ 


«* 

c I U*o JjSo *)1 J .SpI jJaJI <JjL>t_L^ t dlb 

t <Lwj 2 j (T. Kuhn) o j5 .cj o-LojipI ^jJ! ^>- ^ ^ ^-vdl 1 1 ^J_p 

® L<>j^j>- ^ I V 1 1 L*^ 'bf I A-LJw>tj obi ^.Lp ^w^bxj^ 

L_*>*J LkS" -L>JL« ji 4f-UJjJl Jj*tXa 4 !-bA>OJ 4 4j ^Ip (_^jjl 

^ f f. 

.ULj>-I Jji ol 

<* 

Lojj>- -i->s^> o-LJl>Ij ^ c dLb 

c- ^ f, 

4 j4_£-JLjLp_j Oj-JLjLp 4 ali J_stf I (1)L^ ^ g A «-)J 4 J f-*}Loj 4 Lyg-jl 

4*_o^>- La^ 4 j j*_^_*_aJ>-j Ajll5 ^ j*_ft j5li J oj ^Sij t jfi-J » ji j-P J 

jjj-kJj J4-UJ! y»j Nl c bJj <_y> i*l>-!j ^ J_I>- j*_$j 


Louis Althusser and Etienne Balibar, Reading Capital, Translated by (1) 
Ben Brewster (London: NLB, 1975), p. 14. 
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(K. Popper) yjj JjU > j t(B. Russell) j JJi jJ j-> j 

JUul jAi (J jj dJbJL^a j to Jjt ^y> JS\ t_JuS 3 l o j5} ^ S' s-l>- ^JJ! 
jMl ^_$Jl t_jLsiu j tu->li$ 3 l a°JlL> ^ <u o^J ^jJl (P. Feyerabend) 
^jbuJl ^liCol ^Jl (A. F. Chalmers) j ^^JLU u ~-~bi\ y> 

.wUji 

aJLpIJuIj j la.lll i jJz2j o (j*y t tiJJi (J -*- 4 - 1 jj ->uj 

^ ^_L*Ji ^jjLj ijl JJjjLC-l A^>-_j jj-o ojjJajJ 

( 2 ) 

t lx* • L£jLo-*j.iijjj a^J-*-^ Cj!a>wJ 1 *y) a>- _y^j 

Jj>- t e j aJ) j I wAj C^JwvO La t_^vsJ-j <jl jJ-iLi M ,j->C 

_ 4 _5-v= , l ^A*- oJLi t ! b OlS - JjjJ . Aj j .,<?■•>• o j y^S-iJ t Ajli 

O'* J - ;> ^ 0 <_J (jiJi 

aISvA-o aISsAaJI ^ ) jSjbuj 

* * $ 

AitaJl j V Lolj LaUaj A*~-JaJJ (jLi Jujij 0 jJe^Nl o-LJLp 

(_s £-a C- j^-LoJl (JijJjJl AjIIOj OjLS' ,^iJl 

c^JJ-j l j^>~ i_iil j_<Jl c^-xjLo UoJUjj t (David Hume) ^ j^a JlJuj 
> «. > 

C ( 1 ) j 5 * CjLwwJ Ji Jw* 2 J tOj-J)L^o 4 IwLJj ,<U*o 2 j ( 1 ) u_j 2 J 

4 (j j_£ j_lp ^c-j la . /? il ol LlLs aj Li->l SjL 2 t^l! ( 2 ) 

LL^ ^ US' j 44J oL^ jJI cJLxJ dU *> j y> U5 j Paradigm 

^jb)) . (jljJLP ^dJl AL>fcJ <w« »- *- * J jJbU aJ l J jJLS'jJi ^^a_ajaJLw--o l^_A 

! jJsLjI . JLL 4 J 4 j->- 4 (Jl^LJU»i 4 e J j j^>- I ^J. la . yg . l l ciiijJ iJLJl ■C-J'- 

Jjdl ^<»-X> 6 llj i _J ?\ jjlwJJl ^Jjfe)) 4 j-&QaJl 

• ^-Jgl ^ flj.xji ^ 0 JJ^J • (Ji <ijj (( 4^jjnJl 

4 j 5 ^ 1 ! ; Oj^j) 5 J>-j 3 ! c-’Lj! ji ^ j«o L^»iaj SjJjjl oLJjLjij cjj^j 

.339 ^ 4(1992 
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L«JjL j 4 La 4 .4jS J 4d_^J ^A _ 1 

■iyUl J^JU Jljj *y j ^dpl (jiJl (J^OjA^Ij ^JJjVl) _J^1 

OILS' Ja C— wilj «iS 4-0 jjJi 4iLcJl C-J15 J . JoJtl! J JiJl l_da 

^Uj^-MI Jut*J! ys> ((T. Hobbes) jjyt. .o (J. Locke) iijJ 

L*jLv 2 ^ jjjJl <ui I»Aj 

( j j-SL!l jl) 4^-^JaJli . JJ-lk^a j^sxj j - 2 

t La j_>-j c Lg-Jl 4>^vjJlj ^JJl 

.oLjJiJlj j I 

* * *> 

yA LaJ yA t>Lrf2JCo Ua->- y 4d~~J ^Aj - 3 

Jxji jj-vwJ 4 (_£ J-l *0*_lSo J . Lgdj ^-llaJLl ^ oljb>«j|j tljA-lj Ja-I yt 

p ^ ^ 

.cJb^wwI^J! ^A U5 yA Loil y Lallaj 

. , ^ i-i L ^S” w\j („ ) 1 ^ 0.-,°> 4 4 3 L -p W 1 « 1 

4 U Jj jl jp*~« l*A*>-y>y*AyA J^'h/I 4 d^u'i/l _ 1 

wL>cj i ji 4ia— “I jj y*y ^ j ^j-4j jl -X-aj (_^-® 4 Li jSi (_£-Ul 

«-LoJ-*Ji yA 4A yoA?c-A iy\ l frl_«wL*Jl yA ,A_>ciL« 4-]a..,..« I ^J jJ-J 4 4-j|-> 

. Jl*Jl J| SJa-I j o jiji ( ^a oJa-I j JaI y £ j J_JI<£j yS y^A 

j j-5\J pJuJi yj j~JdJl 4jI_L) jl (J J-Aa 4_oLlJl 4 — ^vwj'S/l J _ 2 

.jJUJl o-AjJa- 5 Jaj (J j«,<0>o 

<_£ Lg_il (_^l .ijj^J L^ji (j jS Ja j jJ iiJliJl A^vj*yij _ 3 

'“jy ‘JJW3 ojjJaJj j*-L*Jl 

4 JL*J| t J| 0 Jaj -LddwoJl ^3l>cJi — k^-P-3 y *. j 

jl c-LoJL*Jl jj Ja>Jl J 

oLvi^lL t J-*Jl j j ,1a i,i i i-v^jj! ILa <jl jJJ ‘Uijs-'iLoJS j 
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JdS ulS* (Darwin) 4 jIjJUjj 4 a^->L 1>3 

o jJajJ ^-$"1 ^ 4 AjLJLa 4 >LlS\Jl 4 _*_JaL>- ^3 0 j5 ^LJM 

^j-P 0 jL^P 4_1_S* ^_> jLlH l_^_3 J J-o 4 AajlJl ^^5 jU 

j>jj . 4jiJjLp*T_>a ^-Lol -L? Lo > ! aJ1^*])Lla ( 4^jlS z > c^jLpI j-^>) 

0 yS S-itS* (Jj j - *— il Ct^ 4. Ia_ >- 1 1 o_L_& j-Ji-j 

. <ji4 L 

^J-P JaLljJl ^3 d^Lojl JlS*j-> a^j>t_i jLj ^jr^J — 4 

o~l>eJ -. j Jw^-^Jl ^3 /[ */> >&j L« jl j-p 

Lftj jy,^ la ^3 j-^P ® j-Atlij ^3 (J^LaI^JI U-LL LaJjuP 

^\ ^Lvjij! 4 .L^->“j-j^} (1)1 jJJL> 

0 j5\J L» UIpj 4 4j%Jls3l jJL aL^Lia JJi7 5 -^-Ij ! 

L)j-SsJj 4 Jj Jj>* j-*3 Jj>- A ^ia-s (J j_>c^J 4 jLjJl *LoJ-*Jl ( jA 

. 4*woJ -P A_j^J ^J-y^L>Bjl 

J-pI jJ c_aiJjpJl aJL 3X>cJ» - 5 

& f, 

J-JLaj OjLy^ L^iSLi c *>Lv^l 4 j*_^ol ^Jl L^j *l>* ot j^l j ,%-3 j /^Jl j3j 

. ^jL 27 ioL 


^1 yjl Jl ^Uli OS 

; A^jLwJj _ <U£>utjlj 4<oJjLa — 1 

(1776 _ 1711) f J.J& J-jbi (_5^d yiS^ cs® 

f-l ^ya-L^Jl ^^JLoJlj »_L*JS ^L-l ^lp Oi-ilJl *>0? 

JJbJl j ^ j~J > _^<JI jJ>Ji^L j U ^LJbj t ((Induction) 
^JJl (Empiricism) icjkjuo t y*i 

^ J-wft A‘..J t 5ijJ(_oJt «, 1 _AJl>- J (, jj>cJ 1 SjJ_wa 
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j_A Lo-S .1 ojj o jaSjj ^ jj_L*Jl ^3 J_oJCx_oJl p\ 

S ^*P >X*J \ji I cj y2j j\ L LalS^j jLv^ (_£ AJl 

(1)1 <^>cj J-*_> La ^dl jiaJl <1)1® 1 

j_A Lo-S* (£ j~^ t - a dlj t LaU ^i>-I j_aI ylaJ! 4 jLxo 

ijlj t (J J-JXj N LaLlij A-x— . .jaJ I ^3 (jl ciU.J . ®|wt3 ^ Lla.X . .i Li 

5 > ^ 

<— jijj-jcJl -Lwfl j ^L»w-*-vJ i <l*_Lj .^v^LaJL? 4 LoJbj LaL*J c jjt 
l)I c L^jIS Lfjb <— jL-^j V I (jl -Lui> oJ-JL*Jl ol 

j£-+-Z ^i^UJl diU Jl* 43 *>Lp ^SIjJl ^ ^Ji cSJl^U EwUap Ml 
(1)M c Lsoy>-_9 ^Lp L)La yp <1)1 Lod i L^j 

AjLoiA^s (_£J«_>- i (j d)l y-flj ^ ^Uaj ^Lp (1)U 

4^>&-ms 3 y? -1 ^ Ldji bj t (JljLoJl ^1 _p 1 ^ lig-J 1 oJ-oLo 

j! LJlp (Usb) Sjl j->JL) 3 J_«jXj <j3l*_*Jl Ju? ! A_JlxJl a~4_L*J| a. ./?„aji 

■ 

ojl ^AtJb C-OwCo-j LaIj j-CX>-I ^xJl ij^lx^Jl (j! Ukj 
(j-JcJ ^ A* . .,ia.i 1 ) JJU ( J~4X~~oJl (j! U»-JJ 

A A 

!Lsb ojl j 3 *cJL) 3J_aJo i_j j-*> U3U-JI lil 
aJj_L>- jl) tJL^li (Circular) 3 yJa.Xwa <_NjU—d ULaj 

S* £• 

. cXjU>JUI<iJ| (_£Jl>-! a^? ^L a>> L^jLoI w-jjiia^Jl AX>cAL> o')! (aJ> 

aIj j j-jLs . A*w<^-LxJl ^-aJI j! A_V?^L>- 

^1 ~_y/l ia j.._a — ^ jj^Lij V(Voits) = R(Ohms) x I (Amperes) 

^Jl ji Lv-a^-js - j (d(meters)= 1 /2g(9.8)(meters) x t 2 (seconds) 

• ^^wLfcA’i ^3! Jj * ^ — — ' - 1 


David Hume, An Enquiry Concerning Human Understanding, Bk. 1, Pt. (3) 
iii, Sec. iv. 
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IwL^s Cs'L/jUt-P Oj> ^ ^J_*3( AjUJs £tjjlj (_5^J 

Lg-o-fel {jA j-Sjj tolJJL p_L*3i j^a* ^JUIjj c^a_L*Jl 
Ja_jLS ^jUJ V i (U ^-wJw^aJ! aJ^L>c_ 4 . ^^cc-JUll j L>t-^J i 

<.«j_wwJl <uLw»* 4.di>J ,[\ o! Ju*-j ^JJl (Emmanuel Kant) 

(1)1 t ^L-l ^jJ-P AUjUj! ^ J-yA 4J>^Ja_S 

A 

^ jJfl .s J i ^_A U-llj 4 1 ^ ^B \^B 

L»> ^^Jiajc* c JaJlSL! Us j t U^JI I Jl_« t 111 ! (Pure Reason) 

LgUjs>J APjls UltP a) jU« aUsJ (Las-iA j» j-Jfc (jU (_£ jS>j3l 0 XA (_j5j) 

.^jUJl ojiljll CjUUs>-NI ^,.la..) 


0 ^— U_P (JL-A-U ^ ) L 5 ^ 0! tl-A ^S 4 Ja-jLS aJ^U*A 

^! (ajcUaJI ^ olitAp |»Ui> Sja-j U~=-) A~^>d! _ 

(Transcendental ^i! jJJ ajjUx^Jl aJUJ! slip o_l>j^>- SJlUp 

if sf (, 

oisb! ^ I j jU-fl b-ULlp ^LU JU IUxa j ! Idealism) 

* p p 

Ijl j3 Ljj jS ^yi j-^5v-) jJaj>-l <L%lajLSvll 0 ^ 4 -4 — 4 j >cJi j . 4jL^*)\-iaJl 

5 * i. * 

( jd\ o L^-jI .^JlSLoj aJL^j cJ j j_lkj i jjliLa <-3 Loljl 

jvJL*J! £->U? (^»*>Ul ) j^JUJli .^U^l jj-a Lp j_i c~U>- 

jLvs J-j (L^-iSs aUiVO is j-*-^ jt-UJl .(^^>LH ^ti«j) 

l.fr. 0 -Al j (_J jJajJi JU*J| jJUj Ig p.« W. i Jaj aL-Ju^I jAtjJiJ AS j-*-^ 

*» iA £, 

j»Uaj ^ L^*U>j jjp IojJs>- LtlS- L^-aU- Jj«-i ^ 5 ! c a^wmJ! aJ 
Jj t j_a US" pJUl! U jju t UUs isLeu*iS jJg,,,'. li JU*3l 

ILJLp Jj Ajis ^ ^JL*J! l3 j*j ^ j US 

(F. L. (J^j .(J .0 U c~pJ jt_L*Jt sUiV UUI a3 jU^pJ! 

^U ^p(?U3l Uj>*3l j| • cJ 4 La jA^^- ITa^j . Will) 

>> <f * 

jiJ IjLj| A_*^o Ju LoLj 

^ jJt * J j-Sj *-^l ,j-Jl ^-3 ^JlxJt 
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JJij p£J (.(Past Future) 


O^-i 


^OJU\ 


! (4) Jmj « jJ (_> Ju S (Future Future) J~iu~Jl ISLa 

pcu~>ta IxjlS" iliil p jL>wJl pJl_A <1)1 

jj^S'Lo '. La-A AjL^j^ki po (jLjl aSIoJI diL pP ^S- JjJ >( J*al)L] 

-Uj tJjVl .(H. Reichenbach) ^-L^jIj ._aj (Max Black) ; 
p — L aJI Loal a ~>~ ■ ^ ^ — Lp <.22oL 31 ^ , / ? l^J I c)La ! A*jl^3al f — ' <1)1 

(UlpCL^iNl AlL^dde)) l. " <1)1 ^ ( A * -.--. ia . l 1 ^lik) jl As.-.^~J 1 !«C_a) 

0 jjlaJl jJ JjLa JjnJl ^Lp ‘CwstfLxJl <4)J*)LS\dLaJl .il^CP 4 _w$_LxJ| 

pjj! t ^Ljcdjij ^pLJl (— i j-JLl)! L«1 ! aS" j>JI A*jli o'yl ^1 pt>-lj 

<jl pi J d_ai t (Operationism) 4_J!>L>_*JL A^aJuJl A^jL-Jli c_ds<3 y 
(true) ii^Lv^ L^jL jyy V 4^?L>o 

iJlta oULdJjj t_pLa ( _ r U pi j*J_*Jl djV dJJ.i c (false) aoI^ J\ 

g ****\j Lo^L^a LaLa~) t I ^ - 1 P 0 j \s , , ,. ) 1 .■ ^ 1 A * , . I i 3 1 1 <- Lp ^ jAa ( A^^s) 

p£3l ( _ 5 1 p (L$pL j!) l^-dpil j (Coordinates) <^ldla^d)/l pa aSLJ) 

aJLJI aJjLo-aJl ^-Lcdaij . Lg-J-P L^*j2jI A*^- p A^a^j^l 

A~Lp <J1 _C>cJ| ^3 JjjjJsJI (J-a^ 5 pj-Sl ( _y8wp'^|)* ! ^Ajli t Ajlj 

Aa (_£p_«_*x pal 'bl pg-3 . o l -< g -«-j AAjjJs J_*_dj L~ - d! 

^J-P pa J^j^JaJl Aj p j.^ ... „ >a <l)Ls l-il U-*3 c_3p*J N Ail Lad" tjLu^dl 

0 1 ^ ! a 3-P t (_Ua> ^)d* ' y& ^ , P L ^ ! a 5 ~y*^~**£ 


Paul Edwards and Arthur Pap, eds., A Modern Introduction to (4) 
Philosophy; Readings from Classical and Contemporary Sources , Free Press 
Textbooks in Philosophy, 3 rd ed. (New York: Free Press, [1972]), pp. 151-152. 

.141 y jJL<all (5) 

Kurt Hiibner, Critique of Scientific Reason, Translated by Paul R. (6) 
Dixon and Hollis M. Dixon (Chicago: University of Chicago Press, 1983), 
p. 13. 
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j— i 4_aLal .oLs<a_*_i S yias— a ^lap>- ^JL 1 jp«-2iddw_4 £_iLo 

^o-C-'yi dlU JjLa • 0 y*-^ t ^LdSx->l j ^Lj tiU.3 

^A £ „’ . rO „ i La ^ i.,"., . ...-Ls L Ls^SUP Lai . ^ ^J jdL»v -» J i ^ La 1 ^p>tp 


(7) 


Zj\jJAuj jlSSi ^y> a^JSjj j^pLa 


LoV ^— >! ji p ^>- j (_w^ LLl jA ^Ljj>ijlj ^'AS jAjj>- 

i_JJaXj t ^cs** 1 (J-^ oSa -OLLaj«j f“ j-Li L)l Jj jj 

A^LSLi .4_w«_LhJ( oL jiajJlj f_^iL-j>J! L^Jwa jlSLsI jLJLiIj L^a 

(JLa-U /^_a ^_Lp (jLa^jij^ Lali ^L*Jl j j 1 ?„> j a^22j L| t ^ ^J>-l 

.Lola 4_*^jp ^lp “LaoljJl o^Ia.. l ,,„.il <olj| a-lljVl 


^-a ^Sdj ^a . 'w>T_^_;.a J ^L*j! ^mL*j>I jJLo ^LiL^^LaJl ^-oJJ-wl wL$^ 

id j jJ~ T L)L-a j) t(Max Weber) j—J ^j^SLa j JjlS ^ j-g-i! 

^va cjLLj'Li <Lj>_^J ^Ip oL*J! O^?- 4_j| t jj jj (J^JL .(^Xj=! j^Ji J-&A 
ollap-bU! ^jLj 2 J ^Jl) (Singular Statements) LLSsSJl 

(Universal U_LS L)L„SJ ^1 (a-LJuJl Lg_; ^j_5_> a_j jL^jJIj 
dili ^,SLJ» :bL5li Ijji oLjoj JVdeuai auL Statements) 


La JlJLwA ^j^wwLs .aL^aJad-a 4-^_>-j jj- 4 4 ^j-d’ djSL ^ J-*jI 

/_£ I L'b/ . L&PJP L)IS La-^a <Lj^>- (j L/P.S ^j^a 4.JS L i . j? 3 (J'^JXjd £"j^- J 
Lajlp Lgj 72j 01 ^SCa-> 4 cjl^dwaJi dJJp LijJL^a 4j>*-2j 

ijjl Lg-S Jap-bL ^jli! Ca'iU-J! PJlP- jlS” L>^aj .ajJaUs- j jiLJ 
. (t ^ /» ■ ' I tads' tjj'bll oL ^LddUa*Vl ‘{\y~ > ^ ^dS tidji oli 


.8-7 a <U*«aj (7) 

Karl R. Popper, T/ie Logic of Scientific Discovery (London; New York; (8) 
Routledge, 1992), p. 27. 
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Lg_il 4_jLSwJ>Nl oj_A 4-LL^. j_x_a-j j .f-\ j.aJL-u'y 1 4— 1L^L» iL< 

^^Jlp 4_j^_<Ji i_J_0 LLAJLll (Validity) >_->i j-s^-j dLiJL 
(Empirical Sciences) y_ r ,_ J _^sJ\ ol~vi> J_La 4 4 jj_>^JI 

jjjj 4 e-I^JLc^a j/l ^t,.^-ta 4_*2_3jj oJJL . Aj j.la '. 1 1 l ^ * a. la j I j 

s* s* 

(The Deductive 'A;-^ L>*_gjwa 

l ySL*- i iw’j.iJl jl <. oiLLoj .Method of Testing) 

4X~o-™J jjLa. J ^a-^CaJl Ikfej . -X*j -kisj 4 JaAS L-J^J 1.,^ ./? >c3 

^JJl _jAVI Jjlsa ^ (Deductivism) 

. (Inductivism) ^^l * &_cJl y> 

l^jJbJl jjlsLa ^ Jjda»cJl 4_jaja ^ j Ja ^ ji_y. jl “t-*j J 

! OtJali aj j-y3 i j 4 jLili i ^&J_aJl J^a 4jj_3 j-& ij_*_> 


t UJs i UIp k ! 


(10) 


P-ljJcUal *E>-^J M 4^5 ^iaJ ^ i ONIj't 

.4-^JaJl |»jJ_*J( f-ljAUa'V! 


iwj j£- la JjlJLa ^3 jA-l La-o'l ^^JwaJl |J_A j-iJ- 1 

(A Statement) kwAL Jl 4_s yu ^JJl ^■^a-LxaJl ^_wwW> jJl 

: *_va! j_aj L^iJu^ jj-a (Verifiability) L-iLSLaL. 

(Falsifiability) ^»Jip <j-a jl k^JjJl 5_Jlxal 

' . <n L-~yi 

jA jUa>- ^jA p_L*Jl® ‘. (jl jAP C-J-a->- <L)Lia ^3 (J jJLi 4 la! 

* 

(F. U.,g .1 : ... a <, (Science as Vocation) «a.; g a 

J >~ I JU~j» ^jsLwl yJ UpLa IjJL <i>-j Ji jLS ^ JJ! Nietzsche) 
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.28 t *u~^j jwL^stil (9) 
.30 ^y> <.4~Ji> j-Wail (10) 
.40 i A^Jb jA^ail ( 1 1 ) 



! JjJijb i ®e.sL*-*JL>^ 


U *1. 


-U (Last Men) «jlajJi 


(jjJl ^-iL~JS (JjLLJ! 4_JbL!L LoL>- 

< _ 5 1p o (Technique) LJl ,*_UJI _ SiLuvJi ^Ji Jjjia5 

f ‘ ® * Lw^T- ^ ' Hi J (_) Jj A *m 3 > Lj ^ — L-*-j I , ) 0 fcL* ~'..S* V Q-J I 0 L^C_l l 

L_*^iL>tJI l_5^^ (_S^ jL£Jl <JLii»L/! y 3 ZXf- jS' i ^t^ASvJl ijjfc jLaj 

iSj j oJJL-ul LJLp I ^ jl 

J 


(12) 


^L*-« p_jJJL Jj>tP 1 ^ ...aj aJLiLoJI ^3 

La .’ (Jtj_^J( Lilwi>VL ?jjUjl y-*-* La • Jlj-^Jli .jtJL*JJ 
‘L^sL>c_) w h^_-.Lp i_jI^_>- N )a_UI i_j^\ ]' 

dLLj tid'd— a ^3 «jL5L!l (JLs-L'yi® ^ g.- a.-~ ^ ^j-a J_L£' 'll) iajl 


^Lf- i — >j_bbj .'U-o-LfcJi <3 ^j»-oJl 3jJ->- ^JJl LjLp 4 aj-L*JI 

jv-5^-5 ^dil lid! La» : (Swammerdam) ^b^Sj— J ji bill 


( 1 3) 

(Jp-L*^o^ ! ^4_L*_£ j-*^o ^3 6 A^jU-P_ 5 <jJi ^Oc- (_5^-^ 

6 0jj-s^2-J L^-s>cJ j%-> ^J| (J}-) j-i? . O Ij 

. K^ULO ^ Oj J-i C-L>wl>tjJl 4^-j ^Lp L^ 25 .* ^kj\i 

jAj j*J ji 4-Cj.J *)/ 4jLjL>tj bi-lb Jjs-1 *^J t “>Lli I «— bj J»_) 

. <i;> dUX 

ob ^3 JiycJI Lgjl C <Uk^a J*-L*il ^aLu (jl ^yS 


Max Weber, From Max Weber: Essays in Sociology, Translated and (12) 
Edited by H. H. Gerth and C. Wright Mills (London: Routledge; Kegan Paul, 
1947), p. 143. 
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.142 y> 1 4~bi jXoill (13) 
.142 y> <. *~~ju jJ^il (14) 



u> P * 

Lo Jj>- jj aJLjJ ( j_Svoj N IwLa cjL LoJ_p 4 i^S 

^ ^ -1 1 w*»Lj I l— o| ^ C-^ ^ W ,.W^J 

^jip .oL>Jl y« bis j^>J Ldi_j Avis jj jl aLvJj J 3 ^iil vb-Ml 


M 9^1-aJI SUJI Ja lilgS Mi>* jl 4 JI 1 JI J~~» 

#» o> 

|j^>-l_o Ll^>- U ^y » ....la j l j»_L*J!j . a^j > .<,». S a . i l ^ jijj! ® ^5b 

«L>Jl ^^Ip e _ / k t ^-i' ^ U^i-j bl J*il jl UJLp ^>v. bU : jAj Ml 

i_j M Ljl ^ I 4 J jS £ jJJl y>vP (_5^" AliLaMl C. A... . LJjIj 

AslaiSl i^J ^s j! yi iUtJl jl _yM jr^-oJ a-LS" 

ijMl 4 £yLv£Lo AvlcCs 4_g.iT Jj>-y yClsLiilH 1_S^J 4AoLiJMlj AwJyji 

( V* j^J lP aP-? 


jlijj ^j_p® 


Jju Apt-j* Abbs' (_gbJl ~bvl yb Jy k—9 yvJbj! iibA ^ 

C. > 

jl J j>-I ^_£> JJol^li .0 jS ^-^L 4 y 4-L-oj_^ 

ijS- A^Jjial A~w-j_a O JjSj .j>j_bJS 

jl Igj ( _yp ^yil (Thesis of Incommensurability) «ijjULj! 

ajA .^ylkvjl oLvAAjMLi jl A../?tj Lo_g3 t L-f^jlLa J_4 >iJLwv>j yCCva-Lp 
c_3 j£- ybJl JJlLvjl ^yi_LxJl &L>c_) jt I ^jp 4_4 j>~ AjLCw ^A Aj>-J ^iTM ! 

I-Ua c _ s JLp ^>jij yjJlj 4 (Scientific Realism) «AvJUJ! 4 _j«iijJl» 

J5LU (^__p j_j> j^>) (References) ■L_?-jli>- jJLis- ^ j 

^ai^Jl j_SCaxJI ^3 sL>cjMI IJla jIvAjI .oL^ r la~l^ Aijliai OjJl 

oj jil ( J-b _4 Annlfl, j_wp ^ j 1 __jlp 1 u_>- ^ 

.JjtJlll; ^J4>-J Ob (jjiijJl Uji ^ j jj^SsJMlj 


JU^ ! ajLS" ^ jikJl ^ ^ys Jyljjli 0 ■» ^ aJ j 
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.143 t jj-vjail (15) 

.144 ^ 4 j j-L^il (16) 



iJUJ)) L^Up (.(Against Method) 

jl^- 1 uLS* ^JJl ^JUajNl pJUJl «. (Galileo’s Case) 
ai j . (I. Newton) ,y <iUwl ^yUajjJl Jl« 

4_w<iJp o ^ iSju pi->- ^-ULp ol 0^-> aJL^sJ I cLLL) JJoljjli 

i A^^JllgL?^ jV 1 SjJiJl ( j_p J-S* u^LSI <^11 oJjJjs- 

. Lw^jlJto ^5C<kj *>IS 


Lu^S" J-lp oliU Uj ^5Jj ja ^jA <_^u jiJ j 

oLJa^JI ^3 jjjj 4j*y (jj c JajlS” JU .JautS” ^ip 

<_£jj JJuljjli ^lp J*^ 1 -*- 5 ^j- 4 ^ 

L^i j-^- 5 1 aJ| Lo ^IkjJ a*_^*J aj os-L^jilj ^ jUJl ^JL*Jl <jl 

4-oJuJt j\ 4j jJ iJl jl o jJiJU jUJl l-LoJlp A~c*J 

aJI uJLva-^Ji c <^j ^>~ jtJUJi f'L-Jcl cu-vwJj 

, » i L yg\>5 L&1.JP Lfl 


! A-JllSl 2^lll!l ^Jl U>w<3 ^<2_L>o 

LijU L~*L^I *— L*Ji ! Sljl 

. ajL^^A-^JI oljli a^jL^oV^ civjLwjVi 

<Oljl 5*1 jy\ SI C ^JU Aj>r-Lv2^Jl J oljVi C~jL$” LJ J ! LoU 

• A»«j ^ 1 A^xA </? •o.J 1 I {_y^ ^ ^1 ^ A^ci-v2-^ c->U 

** -.{.=» 

LajIj jl-v^ J A_» -,Jg )l ^3 0->lA-5l A~uL*« 1 ^JL*j| wLA 3 -li^a Lol .* IjJlj 

Lw>-^Jjj J jI JS' Jlo 4 jL^? c L^>bJLv2-«j ioL-wj'V^ olji jii 

* f- t * 

ii)jS A^Li J t (J j-4j j\ . Lj>- jJjjJu}! I ^ J-’ tdjIiljNl j-P jJlv2j 


Paul Feyerabend, Against Method (London; New York: Verso, 1980), (17) 
p. 89. 
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» AJI j JJJ L 


; L ^i'l J i)i y\jfc*Ji I ^i*Jl ye J~-j _ 2 

4Jlw^23j 6 ll*_* j* U5 4 j\ j-L? <LuL-Ji ilSCjLo 5>l 

4 j^aJL) ^ Lslia-i la U ^j^jZLAj 4j V ^o-Sl jjJl ^-L*Jl JjN^Xu 

O* cAd ^ 1 J? .A^WWwO. Jl ^j3 ^A j *L-saL«J( 4^J_*J| ,aI j]o j 
.*\y-\ 3 y 43 j_*-«Jl ( j^> «-ljj>-l ^-Sl _y °j j-^j (*J-*JJ <_5~*^ 

CiL>cJl Sj^iSsJl C->*y jL>mJI y s j»_P ^JLi <UjIS jljJ N 4-LSCjL<lJl o JAj 

t jS'jJ j»-^wo ( jAj 4t)'lfl l _5^ jJ.kl<Jlj ^ jX*Jl aJi^m^\s y l$_l>J 

. , Si\ y y ^lUaj jJI iwS 4 li ^£j y> ^ j iiLvi'y 1) j 4 j'bl 1 


4 LaLp y>y~}j 4 j aLiLc- ^ jJl c-Lw*_i! £_j-a y& a ^S\3 ^AJjJ 
*A>- l$J ^ lL? . 7. .j La_^ 4 4A~wijJl 4 jL>~ 4..7.-A3I j 4_5^^ 4 4ASbjLaJI ajA ^JasJ 

^»L*J| 1 , IS” y ^UaA*)! 4-1 , U 2 A^5nJ . La-~al>* 

. 4j j>iJL j'l ^yila^sJI J-SaJU Aj'ujI y£*j 4j*y j ^_L*Jlj 


.(a—I^JI) <L_II I J~a ^Lp (* Jj-Ai 4 4 jIj ^3 4 4*^>J_*Jl 43 ^_*-*Jl3 

lXj'L^jLo-4 jl 4 jpljlj .4-1 jAU^I y 4 I y£-^\ LgJ-S” ^US al*3-J 

4 4 yjLZ^j y>^Li . 4-1 jiLu»*y I jj-i y> 4~L«_*Jl 4_^a^Jl 

J~3tJl Jju 4 jI J>JCju b 4 aISLjj 4jli (_JjL^dl J^^jl y* 4lli J~itjl 

jj3 y Ifr-v-d'i ajL^Jl 1 S y y>^J y oLiS’lj abo^-il (_£-Ul 

.S_L^A^ j^ ^ ^yis*zj jl 


4 ^$ J - ^ ? | . ' 1 1 j 1 . 1 /? 1 1 ) yrj*} ^ y£ . L 1 - - 1 U3 bob^3^j 

4^->l'.nlgJL I jJl^jl y> jJl (yy y^>\S “La^ ) y j^abuJl yj jlS” 4 ( y^aui 


Paul Feyerabend, «Marxist Fairytales fromj 4 284 y> n iJ jjL_vall (18) 

Australia, » Inquiry , vol. 20 (1977), note 9. 
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J-9j} ♦ J i — fr— 1 b\ y& j - yg - J I ^A AjJ y& J-*_ ' ^J-P 

"&j*S^p s (J 4 4-P^'Lo LLv^i^ j-V 2^3 . AJj i jj ^3 j^-ww^Ljj 

Lj c*Jl .* JU 4 4_i_> J- m^ aoj ju&Li Lojj^p ^ jJl ; *, 2 Si 

t A^J a)^JJ| (1)1 4 OoJj>rJl ^s -)^lx3l ^jA 

L^iSll jU^t aJ l*j| i^J jbt O-XSipI 4*ljJii~^l J^sAxjj 

! <jLol ^Zjy>- j»Ll^3 ^ 

*)! i 4 A-JLlil AA^JioJl 4 (J'-'-O iijjl 4 LtUj ^_P jJL>^ 4 <JLUiI} 

. i^j sL>Jl ^ yui 

thj 

(Lw-_^JS) a_Jl*J! Ij^^J ijiliJVl JaJlS’ U jSz jJ bjs 

.iUipNl IJL* jl jj>Jlj .iiyco J5 4 jL s^UxpN (.(Causality) 

t — 9 jjC- J_43 . 4_m£> t->e-> A_o ll 1 J La^-^-P Aj JwJ-JjjJi 4 -iL«^- L ij| (j i-S” 

j%. (1)V A3 *>Lv»> 1 JJLljl^ .l-^Lw-uVIj A3 L^-jIj 4-3 jia-^jl 

4 (Democritus) ^jL Jo-! j ^Jjp ^L^SM 

l. «>!— ww«! 1)! 4^!^) aJ^ lLU^ .(j ^.W^LsI a»<*_ 1_*— o JX-p (^-Lj2_p) 

4 4 ^ 1 ! 1 ^ 4 ^pU! L » * *A4 l i . 4 4 £• f ^ *** i) (Jj 1 4 f-^^-vJl 

^Lp 4 (JILqjJ! 4_i j-«j ^SsX3 .^$l*Jl uw^Jl j 4 ^J-pLilt 4_^-^*Jlj 

! aUl*j j%Jj (jl llJ-P 4 (Jl^LoJl 

^JJlo ^jJI ^1 . 4_oL^Ji *lL-*_JI _ 1 

.(JJjvgJl j\ 4 i_..JL>J 1 jl 4 ^>ioj! 

^1 cJIx<cj! ^1 . ajj j- ^2 ^\ aJu*J| _ 2 

.o jl olojJl 4 a*JL^ ^\ i aJ-pU]| aLJ I « 3 
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j\ a>-L m ^jyS i ^y> j-*J! (_j! '. <LjL*JI 4jjjl _ 4 

l»_LnJl Lg_iL> (LJL>J-»^LCw «Jl) ^Jjbl 4 _a.-.J_aJl j.Ja„..«ij 1 t«3 j-P Uv.^ 

.^bU Jjbl v L-Vl jl 

Jwwq«Lj j-&j t ^J— ■- , ^) 0} ' <J t cLLE fS >Xj 
ijjtiljJl) ) <_w&wL> Jl (Empiricism) J~->Jl iL^^jd! 

l ii ^j«_<iJl jJi_^2js j^»,Jl 4jaLw»S jj 0 js. j>cJl j~C*j ^JUl J ; 

tlrtH J jJaJ £_«j . I J-^S" 4j*Jl ^/iaj 

L^5* 4 <cJjJI 

( The Principles of oLjLJI ; a 4_JLiJj_* J jl 4 _ r i 

Ij^J! diii» LgJ) : aJJj EjJl Jwj »_ijj (1903) Mathematics ) 
jl 4_lE>J J53 _jl 4 j.sL>- ^-l.".).!.- j al..,rf» 1 a >> 1 (_^JJ! 

oUa^JJl i_slS’ ^JLp _Up c_ilS” J>.Ap ^jA (. f£\ 


(19), 


J_p) a-LjJJl .»_Lp <Sf ^~ >-»-> ^ c_4j ^jcJI I j_* f-L>- J_ij 
SJlkdl OjjE jLo <.ZSy > Jl J J jJ J I ji j ((Dynamics) LSjbjJ! 
JJij l! _^»cuJlj LS'L- Jisu JLJl jl d^LE> ^ii! (Intertia) 

c- ** 

4 (j| ( 5 1 4 <JU>- ij>“jL>- 0 jJjJ jtJ L« IS* J 

\ t jJiJl j^jlS JjUj 4Sjj>sJl ^jP 4 4 4 <L^JaJ I 

4 o> .ii = (3 • ajJ-o jJl <cl^s_s^j . ^jL-vjdl x 4-ix^Jl — 0 jJLj! 

4 iJ ^^^Ip (3 i*-^ 4^>-jli>- ® 4 jI 

oU^aj jl <p y c^ljj) o ^jLjo 


4 jl jjfe'yi $\ J* -WP (J 4 J? J 

.163 ^y> t4 ^ 4(1964 t <_2jl*ll jb ! oj^LilO £ 4 


21 



(1912) ( Problems of Philosophy) — UJl 

LoJ-LP 4 <c3_*Jl 4 ,w~cJL 4 Aj 23 yA ^)^ 23 

CT^' Uj^ • IL_& ^9 4j j-4j L&^a C • f'l jJC^ jVI a ^_^j2>3 

(jl Ju 31 Ljj>L>- J-S* (jU 4 0 ^->La 3I p-5\>sj ^Liip'VlS' 4 L*JI 

. (2 °V . . IJ.^ L Js- tsV^s-'^\ Ji' jujjJ t iip LgJ jj5j 

<jli ^JJI jjh (Heisenberg) jl _Jl ojLi'Vl jX^Jj 

Lislj jlJUJ! lXv« -Xihj 

*L_«j_xJi JsLwiijNl l ~gS k_3 jj>*J1 l j r & IjljJLa 4j j)Xij 4jj)ijjl 

jji] I y>t-i 4i 4 j1^j yif 1 (Jli- ^2 aJ1 i_'| i _^ > ' 4 ‘uiwjjiJlj 

5 1 ^ C- 

-Ui$ . Ldcjx-o jlS" *}L*J Lo jl ^-P .C22222lSi j 

o j_^. JLo~j ) JU^l jl jJLlJl EwLiwL>- 

luLas ^3 <j) 4-o~frJ La lj*A 0LS”j . j 5 

. 4jjJ L)Jj>- \j^2j A i 

jJLaJI m^Ij j^3 a _j ^ ^J>c_<»_j ASS^-i ^t-J aJL^w^JI JjSLJ 

p—lLt' ^3 <3LLo3l Jj23 j! L)^ LS^" 

pJup ^1 (Macro-Physics) 3^^-SLS I ^LLJl ^-Lp ^Lj-JJl 

33 JJ' j%JL^ c$l ; (Micro-Physics) iLJjJl ^oULjt 
^ j U j^-p ^y^LLJI ^ 3 Jj 4 L % >Ujl 4 (Invisible) Sj^Jaidl ^ 

. ^Jy£?U>- 4U>~ 

J-s^J La ^3-1 oi j^U^Jl ! ^ 0 -UJ! d^cJl olj^ly^ 

(Postulate) 3 \j . ^> 2 -L?...l^>... j 1 _ j y^-* 4-Jj_ 

<*Sjb jl /^5v<W Vj 4 L^-a^j3Jo C_w^_J A a d ^ L^jL j_L jJ>- L^3jJO 


j'i ^ _^-’l) • ^-^1*11 ^a-. -Ui.il j^ajJI t *— -l 3 -L*-P J_a-P (20) 

.170 ^ 4(2000 aioyo'l Xi^f\ 
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L^jwo d)l LoV l I^Lp L^2j jl I^j j^-L-vj Lu^Jj c L^Jlp 

. (_y2J>Jo ^3 4 ^JOtJL-O c-3^L^2j d)l 1)^^ y* ^jI^J Lo-j1^ 

j£\ LgJl Nl c^»-ljJl { j^ ji}\ y& 4_iix>*j V LjJU» J~*j j*-iJ 

Uj_pLv^j 01 4_Ou Lg-J-P < 3 LS" j-^j 

^j->0 1 OluVl ~L5"jj biO j^L^Jlj . ((Lgj 4^t>xJl ^LS jJl U *>“j 4_> JAj> 

I !-1a d,A L^xJ 4 

Lo ^^-Lp yz-^j j»ljjJl oj^Lm2_^ '. ^ j )l I SjiLya^JI 

ji-pV! i_JUJl ^ jjJu»o *uU t(l) aIsU- (jl Lj.jJ C-J15 lip* : 

tjjL>t_A jL$LA ( _ s -2j t(l) 4-J.}L>tJJ jjl_>i_A 0-2 J (_$I Lf -2 X>- jj jl 

.(I) -1 4-jJI 0 j-*5 4j2>b>- 

(Jl «,<? 4 j*>U 4j_)Li]l 4— L*Jl ia jJa_>rJ! a j L ■ /» a ! 4_jllll OjiUfl^JI 
ii— i— « l_Dj)-J jl t j-$Lj-cJl ^yi jj^_) Ui 1 j^ZS' 1 ' 1 '. L^.-^.IJ £ (<LLlU- _aJ 1) 
^-ij),../ ? ..g- jl J j ,. j» , P /j-A (J“^— «-J jl 4 -*-a loSL^J 3^-* (_5^” ^>«Jl Jj_A 

£ J— »J L&j_0*_>J • 1 j-— ?— J La ^-2 La LL-Ja l ^ .I-A 

.4j'lj^U<2^ 

aJ| j^-Lp ^y£23-ij L ^L$La>J| (JL^Aljj/l Oj^l .,*? A | 4jLlL*JI 

jl Ju 4 ( j^JjL ; N^ 5 L^-J yj u ±£' JL^2j 1 iJb-A Oj-^J U>Jj-pW 

jj)L>o *LL»0_~Jl y> «Oa^j jJbi wlljljijj?*- l_o^_Lo 0 

. ^ ^ j-1 1 ^2*_oJ U 4-Lv^Abo oil 3 ^>3 *1/ J-) ~b>~ y 4j i j 1 4 y ^ l 

^j-P j-oLJl ^ <kA oj^L s ^a^aJl oJ-A ^5 ^JaJ-^3 01 ^-^\j 

:io!L>Jl dy\i ^ ‘Cfj? l/ 3 ^ ^ ^ ^ 

2ii x \A U = <j 


.214 _ 207 ^ ^Wi jJUdil (21) 


23 



* 

Lp ci jJL> oLoL^jli ^-^>-«^j>- J5 jl ^jJij 

w> tLf-j wU_Jl £-* L<~£1 pj i2il clii <, — ■> j^> J-s^L>- 

.^^LJLi! cujU 3_Xp ^-^3 (U) L^l 

5JS* j^Jibl La ! l^-yg-1 J 4 4-jb-Jl CjJ>L*2^Jl ! 4*jl jil S J^UoJl 

(jisLwa ^ ^S^a (J ^j>- *LJ| sLy>- ^j-a 4^jLil<Jl A^S" y Jl liol jj>Jl 

jl j-& ^L^Jl j-aVU 4 J^lji ( j 22-*-J! ^J-P l ^ 1 */?-&.; N 

<LoL>- L^i-s^L A-J-P Jp j-kj>- ^Ji ^^>JLLi ^i~o! jj>tJl OwL-^s J5 

f-Ul Ljj ^Jl ^Jti 

Jlj aj-Aj 4 4 J? Ljt_a j j-^-S" ol> j-a ^J| Jj->s_1j j-v^JLs 

-a ^-i ^jJl 4-*_*awJal2- *_4_^ j -^-SU ' l2-jL>- ^- aJ! 

^jl^-aj 4 -Lo tjJi *LP ' (jJ 

.4P 4i j).iaX-oJ 1 JsUNl 


jpo J»J La JLLta J^s42J>t-t (jl 


4-5 




oS 


>i cJa_ 

<< 

frL-j !-Xj>- 4. w *i ^J_p 


’ (_jL> l«-> Ja-aj l^-^j-aaJJ ^ 1 6j^Lv2_a '. LwaaLJl ijj[.;^3 *\ H 

US L)l ^y> ji ^1p j t(k_j)j (1)^ JUjUl jU UlS IS!» 

i jl jJL*j (jl LJ j L j Lj_>-j t Labis' (i Oj (I) <iL>-*>Li /^a LSLaJ 

U*-a JL- ^ (1) L.ia.>- M lil 4 4jf jib (w~J tU) JIp (I) 

j! ^1 o-j-J 0 0 UlS U L$j JL>-jL LL ys ^1 _b»>J J lu50 j 

UlL>-'y U li| JLJ! LiiUj .(>— j) JLjJozj jl i y*s 4 jj -btJ 

JjLxXa ^1 3 ^/5L»- (!) (wLoU 1^1 la Ja>-j>L j! ^Jal -~j jj (4_() 

. ^ j ^ , j ^J ! 

oij^Lva-0 O.^..A-J ^jlJi 4^lilLXjj|! j«_aI ^0 ^ otililal 

.’ la 4 jt-^U J ^lSjJ( La j^Sjj 4 J—aj 


.214-207 ,_ya 44 — 4j jJwail (22) 
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*s-j 01 (H. Reichenbach) jJU ^ y_ _ 1 

Js ^0 Ujl Ujl_3 0 yc~Ai\ iJU* ajA jZi\ (Apriori) LJoi AS j 

. AjI jOl-A-a 


SJLLil j jS/l /,-J j^Ua^Jl 01 I j J_ai (Kneale) J_J U>1 _ 2 

a_wL*JI j ^A^opJl c (_5-* 4jJ_0joJ! <_px X<a_A 

.(L^oUaj) <aAoj\ jljis ! j 


Lftjj-J o'^jcl^VI 01 ~ »>- (Fritz) - 3 

^y>-jU» ijl o~L>-_j ^^pslO- j J../ 3 1 oJ_J_j 

>r UJl ^ 


: Si jjuJIj cLJl - 3 

i (1994 _ 1902) ^ JjLS >J ^ I ^1 ^ 

pi yC- uj'i/l tOjU~jNl S]L^aj j-0 aOjJI jjwa 01 

^ p p 

p!^Nl ^Alaj IS c . L jS s A OS' LpO” l>t ^ 1 I -C-p 

^)) i jjOxul j o Aiy>- 0 LOo ( j- a cJLOjO/I 

.cx>L)jlaJl j ^0 j yil\S AS Ll*2i 


^-'A>diL La bta 4jL>t2wa 1 J 1 jv-X*Jl ^-aLJLo La 1 

s_^a_SLxJl J_j tOj— j-J? L-a — S (Verification) 
Jji*J t ljJA\ SLuO jj t l^iio jSL* j ^1 0 jXaxili . (Falsification) 


^x-g-La ^A lj_A_9 . ^oJ^j l._L^A^ ,4 _LL**o t 


^a 18 ^OaL^-Jl Ci-O jSsj jj yi 0^ -C<Apl l)jS O' 01 ®oL*-^|l jOA^ (23) 

. k__ j\S}\ IJL* 330 <1 c 1969 _ a^oLLO* 

Karl R. Popper, The Logic of Scientific Discovery (London: (24) 

Hutchinson, 1980), p. 27. 
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yjj jlS j . (Method of Trial and Error) 4J jL»^JI 

<• j_*> <2U>sJi .43 >L~^S1 ^J3 1 JJwt-ll , JJsaJI 

. <25> 5J!>Up £*UJ! S'JI liij 

<-$->■ dr 0 tlrH ^_al_p. aJjL 5_« i_s- s J 

: oliva o-Ia .jjjj 4j Jjij (^JJl (Deduction) 



.<— >jl>adlj Ua>- *>h«J L Ij-j ^oAp - 2 


(Hypothesis) w> y ^ (Data) oLkoi^Ji _ 3 

._0u l^>e-vg 

.oJlP CjI olia^>-'}h<>JJ jl jSo <_£ y *. j _ 4 

jjju diii jU tiwj> j-iil Jujj (_£jJl ol i-Xp ilijl lilj _ 5 

. L^aj l l-^s - r.y? jUja^l 

(3wLv2_i toLsjL L _^-l- f ' t JL^ - 6 

.^jE j jj\i ^!l 4^J> jJ>] 1 (J j^»o Eils i w ^jill 


j-* 1 - J Ua-?-^\w o t j-a £lj_^jl 6 j_SsJl ijl_*_i _ 7 

• i—OjtpxJj 

Oh* jJl ^7 oLjiirl! idlL - 8 

* 

. LoJ_p A-wo-^bJ t L^-<1 p 

(jLioNl p-L*Jl oL <i)J (, (J j-Sj t j L,<g i >■ L > j 


4_iJ^ ^_) t <W> PfcJl (J) la « 4 t J_> ^_J <JjLS"_^ 4 27 ^»/2 4. 4 _ s ._g_ ; JiA 1,/gU (25) 

_ 439 j 339 <. (2006 <. «_o v - ^iU <L;j_*Jl .* o j ^) ^J_*J! «i _y»ll J i 

.440 
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4j 4-UL CJLoy>b\ b\j a *»L*Ji ^ 1 <S->bjy>b\ 

-LalxjS 

'. LataJ t ltw>-c4 ^'ili 4 j sss L 3 ! 

& p. 

Iop 4 4 iSl 4 ^Lla-aJij ^P^-^^-aJi 4^-J-laj ,*_L*Ji <jl - 1 

,4±US 4i4jL ^1 p JuSbJl Jl>- £_Li 

4 43j-*-a— U ^-LP ^-a-Lp '*-‘~ ^— ; J-S” - 2 

. AJLjj L~a 4_i — =-c_> ^yo! ji o">b£bLa 

4 LLSbOa ^-Lp »— 4^->" L> — L_a_j I 4-) ^ .J a . > .j| La ^ „ 3 

— ! L»j 4 42a_>-*>LaJt i ~f fi ‘^ 1 J^~ J"^-“«j £j^~’ 

.[bz>~y^ 


aj-li 43 j-*-aJ Lw-j jj- 


^c-jLl? 4-j ^- ialil ^a JaOO~j _ 4 

.^oJl ^XP ^ * i 


i-4_j ciiJj 2)13 4 ^^LlxJ! OIL i 4 jL>sJliI ojlSI IpI^ _ 5 

I* 

. LgJj_s3 ^.tp LU^ 4 4 j jiilJJ 

L^j_iSbj j~**-i 44 U 3 jli 4 4-~5’L*_4 1 Of-L>- lij Lai _ 6 

.iJidJ 

-A_o3JJj j» J 4 ^LLSCJJ^wL) *)L>- 0 Jo J_>- 4j jJ2J ^jJJLo 4 JJjJL>- _ 7 

. LgJta ol ^lo>Jl 

e* 

4_*5L^Ljo LaJj^o LjLoJ-Svj j ajj-UjJI Lj Lp i jjj I _ 8 

J^ij! ~L>- £JL> Jp t LaJJL aj jS ^s- ^JL> jJl 4 ^-<iwL*Jl ^jJLJl 

* ^dJ <j jIaj b/ i^iJt 

JJJ *-! jO JJ /^P jlJL> L« ^3 4 j1j t 4. 4 . ./? j 4 ciJJi J_*j 

olSLa[ ^4 4 ^o^aJi ^ Lib a yy^ ^ 3 yioJ! (Robinson Cruzo) 

?4c.^ ,l.aJ 1 L-P 3 ^-4jLa j -.a'-.a L^LOi^ . L^P ^_s3 ^_a LaJLp 
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(_?Ji (J y JjJj-Z <jlj (Jjil! (jl ^gA 
. , . j*£l*****a . Ji aJL>- ^JjLc ^Jep^Xa^ **£ y~* (_r^ Lg-J) bL ^ y 

l 2 j3 ^*JIp jL*>bjI ^3p *lJ^ ^wJ H^vaJp 4.P o ^PJj (j*^ 

OljL^ol J .^«-L*Jl ^c_^Jw«JJ iaL*Jl jl <L^pLa-l>-'y i 4 _s^L?xJ| ^-Lo jA 


p_L*Jl 4-P- ^-*A 4j>c-dj IjU-sAa C LL-Aa-^ ii C .5 j-A-Jl ftJljJl 

. ilLoLa*w*aj-a 4-aJaJL^Jl jl ^UpLoA^A*)/! 


a-Uw?^U ^i.UAva'yi 0 UA> <~«i y= (Rationalism) 4 -lUaJSj 
((JakJs** ^yjs^\ jl <_£ yj •“ cy j»-LaxJIj ijjA)ji ^j>i->iJi 

^3 4_pjJlj 4 JAUj 0*y ilj^X^aNl ((_$!) - JLaJJ ^llda'yi 
hijju JLiJI jl5 lil ^1 t dUl5 ^aSfl jlS" IjIj . <27) «.. .oljjl -UJ 
.Jl«JI tAjLw*_a «L~w~aJ_a (1)*^ 4 (2jJi .^i-AP j*_L*Jl (j|j 4 JJLniJ 

P ^ 

^1 4 Jwwv^2J>5J 4 Lo jJLi 4 * Jj-<2j 4-Ju^ J~\Jl ** g ■>✓9 jj 




l^l Lfl A yQj jJ>-l p J-^ ^ J / jk Jl 4_*_L ^JJ^sJ 4 W3 3 


*U^JJjljJl . ^_C jJ>-| <-JL J_*3 IjL^ Ow>C_J jj ^j_*J 


4 -U.P 


4 43 


SjaJI ^ 


f-^laJl ^*jdl_i <J jj4j 

. a J) _^-3l j! ^>-lA«Jt jj^a 


Aijlft^j d— jLSs-a! 4 4»yOl J ^ 4^P ' y+P y° *)f i _ 4 

: VJUJ1 obJiJI 

AjLa- jvb-*-a (_£-LJl Jjjljjli (J^j (_Jjl-»wajJl (-3 j_*~J_A-!l 

Karl R. Popper, Objective knowledge: An Evolutionary Approach (26) 
(Oxford: Clarendon Press, 1975), pp. 119 and 242-243. 

.27 t <u*jSj jJLaail (27) 

Karl R. Popper, 7’/ie Open Society and its Enemies, 2 vols., 5 th ed. (28) 
Revised (London: Routledge and K. Paul, 1966), pp. 219-220. 
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^ LjjjiJlS' (Berkeley) Sj<-oU- ^ S^il^SM 

f, * f, 

j-!j-! i_r" <J^ jlPsN L/jaL^ 2 ) 15 ^ (_ gjJlj 14^1 aJu>LL»Jl 
o ^jS\ d jS* J j 4jxJ ^ (I. Lakatos) ^ jJlS'N 

I J— A t ^JL>Jl A_jIjlS" ^3 aJ AJ J_pL«u>j a j-j >j 4jjL> 

¥ 

I g.flii.o II .Lyg ; <1)1 jjwP- 1975 ^Lp LLiS *-A 


'J- 


JUJI 


(Against Method: Si ^-«u«JI ^i Sjj_*s> ji Sj^JiiJ j; ) : g ^ * JaJx>«_a 

< >LxS3l IJlsj . Outline of an Anarchistic Theory of Knowledge) 

Of-Lk-pJ C-wOJ ( _ y Xjl 4 ^«J_*JI ONjL>r_^ i ^S 

1 cJ^ 0 cJ _ySJl Jl 4 ay^-a-o 

¥ ¥ 

-P L>JJ j-v(3 aJ^w«-J ^«ajl ./? >- jt_L*Ji dLLsJ 'y ^yJbJLj 4 AjLfLvfij 

£, ¥ £. £, 

I j bl 4 _iJ c a ^->-^1 43 JlSLil 

J5 . ^^3 4 ^ Cj Ij Ijl^a 4 AjLp.} <~.A ^ ^ Lo-S" ^^o-Lp ^_^_LoJ 

. A^J_*J| AOJjdl I J_^0 j| ^jL>- 


0 ^ JwO 1— J wA_kj 1 I3 l^ i>4 1 1^ L^r lj 1 4-«»vw»_J 1 i»\— ao* j 

^JLkj^l wLj ^Jlp lLLLaJIj ^iJ-p ^jJL ^j-4 < 0 jJ^-La 

^j -^ 3 aLlo^I cilL .(Galileo) ^-J-JIp 

4 c ^i-«Jl ^j-P j*J>UiJl t+Jt> j j^ a JL) (j-P- 

^JUJI J^l jJ JiUilj *1^1 ^^Ap ^ JA J SI .^JWl 
j*Jl*_!II (j 4 aJ J-) d)L^* J-j ^ o~^ a_Ls_l> Lo-> 

^ ji^Jl ^>jL^i ^1 ^j^>cJl cijLL.^ J-p c_^wLkij ol 4 j-iij j 

UJ 1 ^y¥^++-} 1 ) ^ yj ^1 kA^P 

** P P 

kULp-lj 4 Jij*Jl jLa-pl -da^iljj 4(^jJ_*J! AjL^Mi ( j^ 4— i>jjjJl s ijj 


Paul Feyerabend, Against Method: Outline of an Anarchistic Theory of (29) 
knowledge (London: Verso, 1975), pp. 50-52. 
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(30) 


^ I Jl 


ci^ l - \q o 1 1 cfJ— Lj (L 1 -^— ^-a-u \ 

. (Telescope) 


>* f. 

Ij^Sv-o a dlls' (_Lli.i 1)1 iS y„ ^ j-L*JI j» JjL ^Jj 

^aLlL^ ^>ej jIj ^ L wv- L ^^-i J' 37 4-) -<jJ (j L> 

(( aJ jL.g_-Qwi' ■^wiLSl-aj ^»-)-p^ a^L>Tu.w^vo .<Cw^wL«Sl d^LSL>&j-J 

^jL^JajJl cr tf.k.;...^Jl pi Ja, jSS^I (_i_>p> jJ (Incommensurable) 
( jSk J oLjJslJI AJJjJJ 0_ul>e^> £jlij -‘J-TJ iSAJij (. A^aJlxJ! 

. ^AjjLiia 4sJU>- I^IJPlX^I 

o—f I j . ^--a_Lp p 3-^3 N 4JI c i ^>3 

jl /» jJ_*JJ J_1 ^ ^jL*-a Jj l j»j_L*Jl JS\Jj t jLaj J-SJ 

oJ— Ji-P AjLSoj jjts jv-L*_U ^ -Ja.^il ^>1 ^Xj»-Nl jl iSjiJ .L» j-L-P' O jSU Lg_i 
^Lkl o J-P-Sl 4 j^I ^jjl jjjJl ^JjLoj jjt, j .0 jki>- o-l>>L>- 

. jJJ Ip j»J l*J I £-1 j^s ^yi j-~ £ ' 


: xJ 2jj^J 

Cj j j_> j .^t~L*Jl ^-->jL> «3 ^-2 jJl *Aj >-1 J-*_) j 


.142-141 (30) 

.224 <. 214 c 178 c 171 c 165 1 158 .142 .114 i30 ^ LJ jJ_^ll (31) 

( ^s <oIj j JakJl 0 ^ >J-pN <u>~j jJ^l 0 < 1)1 a jLi)/l 

_ .206 - 205 <. ^31*31 < J-MfljaJl j .202 _ 201 J^a-ajl .' jJsul .4jb5^ 

4jJL4 v yU ! <j1 j .c_jLjSvJI I J_A ^yQ 322 _ 321 t ((1969 

.( )'(jiSsJi I i ^yA 320 „ 319 t aJjLaLI a*_>L$La| 

13^ o^j . 0 j5" a — 9 ^ . 4^oUil cJ^> c j _^>LJL> <jl (J.1 

^p ^jj- 3 j-^3— 1 3l J->-i j ( J3" j-*^j • <i_^l3Co! ^-Lp^ <cta 

wl_?xjLp ^Lc^-| <■ jpjxJJL; AijtjjLs aj ^-vs? o ^5” j~>3 L^-S* j^p 

.0 jjIaIIj ^UalJl c-LoJj»Jl 
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-L' 


^>J_P ^-^L; C->jL* 3 ^yXjl ‘Ujs-j^Jal ^^Ip C. 

*W! M t (Thesis of Incommensurability) jLSL>l 

La-^JojULa ^ ^j-CCa-o-Lp ]g„ .) (^1 tjl c oU2_P iClP' ^4-11^ 

[ a j t ; 1 . 5 la '. a 

. Disjointedness) 


(Logical ( _ jr JLk_w*Jl ^LkiJNi Li^a - j tjLL* 


»» p 

U> j_<»_p (Realism) Lydil jJl .sJ_g_> ip- j J pVI sJl* Owiij' La j 
ij*y l dJJi .j» jJbJl AjLv_Ls ^3 

<.** * p "**.«- 

|j-^> oLi c 4_>i£ j^3 ( j-p ^jb-Lo ciLLo Jo b» 1^1 <ul l i^jj 

Ijl, <xo j c^lJLo <d£ (^iljJl ^ 3 j^-j^JD (Reference) yj\ 

* * f- 

Lw^S'L*^ Lo ^j_Uaj j 40>wb» ^ 3 ! ..Xj (jl 4^_1 _p 4 ibJJwU .(jO/ail 

. ^JlSbol jJl io k >\-AP ^ A^O^wvJ L*J 

(Whorff) ojjj I^pLs^ ^ill jiaJI 4^->~j ^ JCui^>U toJ^Loj 

co~J j 4 JjjI&>JI J^Sbo ^b*JJl <1)1 ^1 j 

4 j_Aj 4 l-Lw« { j 1 0j1j2j \jL& JjLaj «b^J 4 j2_oI j olj.il 3 

4-L^bi 5 jJsJLi (^1 ^ L>- J^ J-*J J-^* l — ^bi-Ul 4_*J ^Ap|^3 <1)1 

4 iJlj^'Vlj tlljJLJLj 4 ^-j-^-j2_iJ Lj j-’J- 5 ®b_A»j 4 oL^J>JJ 

4jsJlX>c-4 4jjJ<J -)pi_^3 J-o-*lL~~a (ji jL L tc-3jjj _i IJLg-J-X— .a J 

(32) *■ 

. w adip- *yLoJ I ^0 ^jiL>tAS Js-LJ ~y>%j ApI ^ jjJl cLLL ^ g j * 

(jl J jjlll ( _ J Jl c_3jjj jJad 4-£>- ^J 4_si> jj-a -Lal^ali 


Feyerabend, Ibid., pp. 223-224, 237, 270 and Annex 5, and Whorf, (32) 
Language, Thought, and Reality; Selected Writings, Edited and with an Introd. by 
John B. Carroll; Foreword by Stuart Chase, Technology Press Books in the Social 
Sciences ([Cambridge]: Technology Press of Massachusetts Institute of 
Technology, [1956]), p. 121. 
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ibSlij . I La^LjL^I ^jS A-wo-i_*Jl OjL> jJajJl 

.oUjIlJ *j,i9^cJ <j! ‘C-'kjtJi 

X*p '. a_j txk l yA °~ « ,U l jj_L^5 Jj«j (_^l 1977 ^>Lp (_yij 

4-fl ... LLi AktkjjJl 4X?wJl aJLILa OOjI y\i jZ « j Ljjkj yX~^o ^ig^-Oill 

OJLkl ( The British Journal for the Philosophy of Science ) 
j .^_bJl AjLJli J y~ (Stegmueller) J yj>^xx^ jiklil (J Jsju_ 

(The (tA— ijl q ^ ij ^»u_pw a_>-j j-kV A->- 2)1— > jS j^>~ >— ^ 

j j...,/? 1 j-o ikii- a_^J LJULmsj ol5 Incommensurablity Thesis) 

OOjI^jU Jj-4jj A^_p- LgJ jjk jyaHj y» l^J OOl^jli 

> 

) U 0 jk o 4 j ^S 2) °_k' ,< ‘“‘ J^— ' <_5^0 4 aJULaJI klL ^3 

^oOxO— O 4dikx-«Jl (a~«_L*JD okkjii jf I <jl o jk oJLi (!) 

<J k> .. 7 o Vl ksblp ^JJLa A*oLkO— a 1 ^ ^ ^ wk jj -/? > 

j!) Jk-iuoJl a_3*>Lpj (.(Exclusion) aIoOouaNI aJ“>Lpj (.(Inclusion) 

. (Overlap) (<_kl i^oil 

.(»kixj-tA ( _ s J-p aL-oNI (_$ loL*j»sj’ oLaJoj! jJt oOa_j (i >) 

yaiAj *y t Ajiiii^ji (a-^JjJi) oi»kjjij-it ^3 iOji>tj'y! ^ ojIaLjJu 
. hsAjj 1 a— wAt) ! ( Alkl^o^ ! <}.***} . |j c .. j 1 ^ * 1 1 i X l ^ Ip ^ i ** 1— ■ 

^.,-kx]j Oo^xJJ Ajtixj^A hu ^Ip ( J^xOJ cjLiAjil jkl o]j (^-) 

> 

O jk Oop a_w«_L*JI oLaOjoI jJl <1)1 <J jkll oojtjjli l _g^xx jj .A^tSlk 
(Incommensurable) L^OjIIa jikk! ^o_>u wk^jO 

^A 4 30^-1 j Ajiko> ^ 5j j-vaj^a <_5^ 0 a^j>-j Lol .oj jkO^>Jl 

.(I) Aa la' . ^ Jt 

^O^D _y-p^ ^OkOLwj LaJOp® aJI ^yA 4 U0_>l j-*k 4 A^oujlj 

^i ki-iN I LaOIoi cook 4 (Incommensurable) «a1jLL<JI oL^_a| 
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. «Vj 4 (Deductive Disjointedness) JVJXwuVl 

j»_L p jSlaJ <eo ol |»~UjJ L«-a t 

U 4_jjJjj ( _yJl CjIj j-valJi eJ_£i .oljj-v£bd! a jJl.S i_5^ UjULji (jLSLd 

\jji (_pj; Jd ‘ (Neutral) S-bUt* c- J “iULt 4 ~<JIp U^ki® 4~o~~> 

1~L& . UjU~>*! 4 ^JSVbj^ (_yfr* 4^1 4»wWvJ ) LkilS 

! U 

f\ j\ o ^Jibll ^9 ^~*j ^Lp J oJuJa>- Sj jJaj ^jJJU o]® 
Jjiijioj 4 LgjJia-V-* ( jSU»j V ^ybSl dlU _j l g:ja^-">Lo ^^SUi-oJl ^Jl*Jl 
4aU 4~~uU.il jiSVi oU jjU>Jl ^ j?*-* Ulli 

. 84U-fcl~~cJi 


4 4~kjlS' s ^I p iS aa9 jji o\ Jjol^jli ijl ^!jJ!j 

jJaJl (Jjl ,jjs>» Vi Ol 4~a_lxJl oUjiilJi jU coULpV UJUi 

4 UjL*J jJj 4 UoLuJl U~jlj_4b*_a yyi ^ -*-••—> (jLi 4 i jj . 


(33)f 


UAjI « ^il jii Uoj^jw® (_y®j 4 LoljUb>-!j 
Ldjlia^ jtS XjI jj\i ijU ^UbL~uVl Jjjjdl ^vaa V 4 UUi 


4j ^iaj t~~va“Up ^y4>- ^ JajlS" ^~~3 . 4 JL 1 Ua . -J i ^>Uj JauLSU 

4uaJU ^J J JulS Ip ^JjL*»-t 4j~SU . a j ji *7~<>..il O 

4 ^JCj V oU Jails’ JUp ^ykaus^Jl JJL*Jl 4b>V jJL» oV UiJS ,J~s 

^y3 .(AaxbeJl _ iw~~uJl) 4~~~Jl 4 J jAa JiU 4 jJJLaJl j yea j <0 j)aj 

,o^~bu ~Ujl^>ii .Up oL^JiJlj jtSoVl j! ,j-^“ 


Paul Feyerabend, «Review Articles: Changing Patterns of (33) 

Reconstruction,)) British Journal for the Philosophy of Science , vol. 28, no. 4 
(December 1977), p. 369. 
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ioliji 4^*s>- jL^jI A ^^aC j L»j oL j.ia/Jl ^yj ^ijjli^Jl 


LL^aJl ^ ^JLlla^Jl AjjJaJj 4 £jli ^JJ 

JjJ 4 ^ J-L*Jl ^ <U-g-laJwxJl ^-ALu^JI t jyy l a-7 jLSC«[ 

i^,\j ^yS j L* < 1)1 ^^5"jL>Jl j j^,<g.iLl j* j-L*Jl 

^ks SL'« a A-<LLl>w3 ^Ll> 1 J^Lwl ^y* < — 4_)lj (jJ j-JlJI ^L<iJL>- V 1 jLj (1) \ 

<— iJlj ^>jlJ 0 ^ -CjI^jU l£>\j ^ lLU-IS" Lg Js. *-> L^-s^aj 

C->LgJ>~J^ 4 <J JJU <1)1 4— ^J>cJ LoJj jl 4 iX*/? i\ A dJ Lj lg/J 1 ^y& JpUijI ^yA 

. tfUiliaJLo <lLs^>s jS' J 4 4_l»Ljj <Lj j5 j&j 


: JlSw^l jJl j ^JLiJ - 5 

Aii-wviij ^jjU JW^ 3 ^ j\\ ( j^o 

^-A-O UU^J OjLjoNL) J i~L-J . J j_<jLjLj ^y-S'j-J <1)1 wU *V 

^5"Aj j%_j • <_ 5 ^’ ! <J jJL> p_L*JJ (Davies) 

4 4 4 ...<?■ Ifl-'-^-ll 4 -vA-v^ (^ ^*-A J ^-0 4-ww^jh>wL]I 

( y]\ (Facts) ^uli jJI ^ Ol i-s^JUJt ii j^Jl jl 0^ j-^ 


^jJI Jl jl (Hanson) j^JLa 

oLiwi ^Jlp *L yS>')l\ j j * /3 . > )A>wo U <uJ jJI ojj :>! ^i*)U >,*? >cJ 


v (35) 

t5jL>L»J! CjljLxi>-'i! Li<g.^l ■ JaAS j-^ 


John James Davies, On ?/ie Scientific Method: How Scientists Work, (34) 
Genera! Studies (Harlow: Longmans, 1968), p. 8. 

Norwood Russell Hanson, Patterns of Discovery; an Inquiry into the (35) 
Conceptual Foundations of Science (Cambridge: [Cambridge University Press], 
1958), chap. 1. 
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!Jl^> jj3j aIS IJ j*j ^jj^LLJI oUi y j Aillij laJL LJ l 
^-^>1 j laJl 4_li>“^Lo jl . o*l ^JLlI 

y «» 

Uas-">Li jjSL 

Ijud La 4^1x5" La jS>Xj ^ ^>-1 ^L^wo L)Lxa^ 

jl t ^.a j (What Is This Thing Called Science?) ^UJi* ^-U ^JJl 
t L»aL>l aJuLiJI jAljiaJlj s-Ld'il d— J i lg_> p_L*Jl ^diu ^^xll ^jISjJI 
8 -Laj t (Factual Statements) ^JlijJl dll; ^.a-saJ ^yJl ijJJl J_j 

aJLjIzjj i o j£j *y ^jlijjl *L*J J . ^^lj_>Jl ( j^-Jj LgJ_>*_a 

<*■ 

,Ai jJ<_«JI ^ IjljuLa jdij 1 _ 5 ^J .A~^_>tJ! jil Jj>j| J, .j a I lo ^_dL_a 

f- C- ** . 

^jIj ii J C £jli jJi (J taVS2j>tJ L>X-<J>S_v2 > t IJJ 

, W M 

< jJa-> ^ j%«L*Jl jl t* -i lS A j^Jj>- Lo ^Ji d-iL,^ 

.a^jjLLxo Ai^L^Jl jpLl>tJI l.., U aj l /Jj2-j! Lo-L^S” jpL£->cJ I 

^i!l c Ljj^xjJl ^oLL ^1 <JL>~j ^>“L>- L* j-°j 

oVlj ol J±\ a!z^»I JJ ( j-a AjjJ^j Lo aIsl^I j-j c-Loj_*Jl l g ,»aijLo»j 

.jtJjJl j^SL 4 Ala^^yLj! ^j>s ^v-Jj ap^wj 

A~o. ^ ,o $.XjwL>- A. woj-P A_j F- ljwJ jl ^Jl fl^)L^^i l 

*< *» 

Lo ^A j^O I ^jLj sdulS' lilj ^ \iJs- I j j fld ( 3 j-*XwJ 

d — «-J Lg_>l ald*_a \j-frS (. J*-Lxj| ejl^p L^—JLp- ^ j2j L _jXll £jli jJL 

c s jyS <i j-*-^ 1 '-Llada L^ --Lp J j,..,^g >cJlj .3 j_jL_a j_>JJ SLk>o> 

.eij^>-^<>Jl L>- jJ^SdJJ jLojdxlj tUajxJlj L)^J>dJl d/*yjL>s-aj 


Alan Francis Chalmers, H / 7?i'/f Is This Thing Called Science? (36) 
(Buckingham: Open University Press, 1999), p. 10. 


.12 ^ i “U-ij jJwiil (37) 
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J 4 L>- jlSvliij is ^U 1 iv3 L*J j4>clJl ^jlxjj 

. ’'jt-LxJl oUjJij ^J«Jo La j*ju 

dj 0 j J ./2-a I J «4 ^ALw^'yi -liL .illlAj 

obilSGl i y^>H jj-* 1 jtr-^ ® j^t^-aJl <wLJl 

cjU j_i' j^_Jl JJwo (The Unobservable) 4.,k.^bLoJiJ UJutiJl ^—i- 
j ^4sJlj t (Genes) t (Electrons) olijy^JVlj (Protons) 

^ ... L .) c JUxJl aj-A Jjlo .laLk La^ DNA. *UjIj ^J l 

yy 3 1^1?- L> I-Iaj ! ^jlijAJ a-S j £ .++ il jA (_5-Ul p! jiLwoNl 
t_)jko . ^j_J| »!*-) Lj! ^ yil^l ( j^-J ^»_L»Jli ,«•! i ^^La (_^®J 

4_Lvj-cl_aJl d>ijj -AlJl Aaj 4 UajiiJlj /^-f- 

^j_a ^-A J j— a-J U. U jl ^Jl OjU«Nl ^)il_>5-J 4 I 

A*ab>- ojlSsjl -tij 4 JJjl jjU o j^J ^a j^ikL^laJl 

.Ul I jj\ 

e. t * 

^JlJl 4_ij jJaJLi^ L ol_Ljj->-l JwjjJaJl Sjkj ' Ull>- 

: L tl)l (j'y I IuSv^-j c 

* > 

<l*JLJI o jj> ■ j 1 j-a oLLl^> NL La j-*~* oL£ J jS l)I LJl& jJLl 

; Ul^l c <*iUS d)l£j c oLj la.*Jl L ^ls>-j t jjfcljJiJlj 

* 

4jj 4j j-li-j j-o 4 jLJ*wL! 1 IjljJLa <U-v-dJ ^ji> t JU>-j J3 J *olj! 

a* £■ 

L^jLiJ LJ j UjjJj c ^> 0 j . <LoLL*>Lll 4_>j j.bi ll ^jjb o j 
.^*SjLo AXp ^J| 4 jj jjalll 4 j 

oLjJlj>-j c ^LwJ^L>JI Lo-5 ; ^LJl ^ . I.*/?.. g. 31 

^ ! -L>tJLoj1 Lo-i ^ 4j jLL<bl 4-ulSC^ ^\\a l^A^JLvvw^ 


.28 t j..Ls/ ?U (38) 
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CjIj^JLL! A - -4—4^ \_La_-oJ I Jj>- £_1_) *lJ JJwj! j_>L3 

jlS* taj ’ j^j t 4 j>- jJ^ ju N t JJoj t ^j-SCJ 

^j-**SjLa w>L>“l ^i-il ^o ^Uij j_fc> Lo3 4 <_£ j jj iJL>- |*J-*Jl 

cJ j^J^J! jjiaJwoJJ <u-Lo ^3 «JJJ^ ^J>-p 

+ p f. 

c^ap l ^ 1 p LjIj aajJslJ t JLS Jus tils’ jlj (.(Hegel) ^yl-JNl 

ilLjS3LijJl j>Ui) .^-jjJl JXjSJLJj V t(_^jL<Jl (jJujSOLjJl) Jlii 

p t ^ 

<1)1 L _5^ > ~ ^ oljJl ^j-° (1) ^-L L<*j*jLa olS^ 4 J-Lp 

p * p p 

ciiJ^ y& L^3 ,0j-£O-> (1)1 J-^-Aj j%J 4J^-w<»-bJlj 4 1 -v2j 1 ^jL^JVi 4 ^^jUj 
j»l Jil l 1 j3-j Jj j 4<LjL<>jI 4-yg3 j J»^>-! <j 1 ?^LJ| <j jJJl 

.'(Walts) ^JUil ivaij 1*1] Ji\ oUailJlj 

^ — cJLJa ^ — AA-Jj-Wl : Jj-flJ jl t ^ — jljJl ^ — J_?~lj 

f p *> 

! ^AS jjl -L>o jjSo /»-! ijjS’ (jl (. li>- Lj^»o La 
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(J j->- 4_L»15\j j jjjJij tjjl 4_JLiJl 4 _!jL>e_oJ! 

4 • ^ 4 » #■ 

■-Xp4^ ^ Lj b. i »■■ ^ 4 L»^ L^” JAJ+S* ^ taLv'i A»*«9 i I 4^sJ I 

jj- 0 dLi J ^ylp-j AjjJilil i^bj-ytil ^ LJ-C- oL^Iji 

^IjjJb*- Lj»Up ^jlj c5^ <_$*>*-’ (1)15 J .oljjlSjJl 

f-bj^jiJl |*Jic- L^s |»JJL> 4_oL-Jaj S^Lo ii ! ^ Ji>«Ji 

iili ^yi (_£. j! LaJJ*^ ‘to.Jip ^yXJL*o cJL5 ji j .f-LwL*Jl 
¥ 

f j r A ju l _J^- b"b l-l .,i?J s-Ls-aaJ! ^j l^UxjLo-aj 4^-jJJLil bwoJbdi 4 j jla'Jl 
.^sUtJ! 4^-l>cj Jii f'j j4_LkJI 4jt,,.-,L?) 4jjJ^uJ| «u^<L^'y! ^o^aLLj 

.^.o-bb ' ^_^ftbbdl dib t “ . ./3 1 ->4 " 01 J 

^ ^ 4jL-vJjL -L) -L<iJl ^y*j t 

L^jli tjLSo'bll di-U ajJu _^dl SJjLaJl 

^us . 4^_>CJ jllJl 4^*>ijJ_Sl e-d.*L$o ^L-O <uL^%JLo 

6 Li tljJj 4-v2^>s-Jl o ^JiSsJl oLJLsl^Jl iwwvL^t c^JlS* JJb 

#• 

APx_JwJl Oj15 J . LwLS" 4_*_> llLo /a r >z^jj\ L^JLo.X^-1 dJ L ^jS' La^>x_P 

^Jl A^w Ja Jl jf-Lp J till I j t^jL J>- . W l g .P" ^3 ^Jjj_>- J ^j>tj (J^y^L>- 

(j-^) dr 4 
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4 L$J otS" i^LaLO-ftNl ^1 JSl~Jl 

jU 4 aJ_Is O^lHa ^)tL- L»-Jj .^jU! j->tj ja 4 4jlxJl JOaj 

cli-L (^-,.l-£- c_*uL*-j C5*^' ^lLa-<d S^^S'L ^JJLa-i 4j^l>e-^Jl o0_& 

A_OwLsI ^jXh 4 La jJjL>_J 4 JjLa-i .40 , Lal_«Jt_ft'y I 

fUUI ^ ap^j_Jc j»J-*J! {y> ^J> cOjO?- < ujL 5' alix^?“>Uj 

•JjVl 


U ^ a^>j jjwJI jtxiSM ^ ( jl^oJsi 4^Jl5 

JOd^- J— «jS l g ^lil JjLLJi o! e-La IgJ jSj Ji 4 ^L 

4_JwajJi 0 jdjlil 4.LLL L X . I .djldjLk 4_*_aL>sJ -OubJl a-^La^JI ^3 

4 4 _) ^*-*2 jLSl djJ->~ L)i-0^a J[ JULoVi ol^i 4‘L^S‘Jl Jj- 4 

4ilL t j-a |*jjw CJ j-v^ dij ..JJL^Od W 01 J^La-aJl jj-a jlS" J 

y 

j^>t-i ( _ s i^-j 4 ou^ajd oij .i-UJj»0i j»_L*Jl ^jjL i_5^ iw ^ ^ 
oLL5 <1J j 4 (Alexandre Koyre) <ijij$ jduUXJl CALLS' c^L- [ viii l 
(Helene ^-s-j jo-a i y ;; _L ;; _A j 4 (Emile Meyerson) o J-^-* 1 ! 


o d_a O. 


Jj j . (Anneliese Maier) 



Metzger) 


<CJ 


y p, 

-LLl Cj* 0 L<*«a ^ jJLS”! Cj j ., <47 i j 4 4_p-^_a^>s-^Jl 

OiLS" OLaj ^<4-L*JI j^SsJtl Jl 4 .,.a.,S’ aJL^a 4 


Alexandre Koyre, Etudes : i _ r s>U>- j—Jld iJl_Jl £_^-l _).! J_£J jL? j (1) 

galileennes , actualites scientifiques et industrielles; 852-854, 3 vols. (Paris: 
Hermann, 1939); Emile Meyerson, Identity and Reality, Translated into English by 
Kate Lowenberg (New York. [Macmillan], 1930); Anneliese Maier, Die Vorldufer 
Galileis im 14. Jahrliundert. Studien zur N aturphilosophie der Spatscholastik 
(Roma: [Edizioni di «storia e letteratura»], 1949), and Helene Metzger: Les 
Doctrines chimiques en France du debut du XV lie a la fin du XV III e siecle (Paris: [s. 
n.], 1923), and Newton, Stahl, Boerhaave et la doctrine chimique, bibliotheque de 
philosophic contemporaine (Paris: [F. Alcan], 1930). 
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^j| ^ys p_e- ^JL J . lULaj I J^S ‘Lijlx^o ^ySUllJl Lilli j~Aju> 

0 f. 

c)Li t4_v^L>Jl 4 -^>ojLjI ^3\ ^-Lp 1 ^ 

: ol ys- Jl«j>- (_£.iJl (A. O. Lovejoy) .1 .1 J-o-p j t j»_gJL-p1 

jiL/a^iJl j_U U .L*j t LgJ L)\S c 4 o.«Ja.»i ll i^>-^Jl A. L »lLl m 

^e-j i jij *uAp o_^iU ol i U>J iSjy~^ >> t<oUo , Vl 

, OllI*JI 

V lOLUzSI ^ yf -~- >Jl <-ilU l _ ? S i_f^J jtO2JL0 d~9 Oij 

f-UaAJl > a.,.1 C 0^1 ^i>Lj 4 ji-L*Jl ^jjlj ^Jl SjjkUi «lLv2j Cl)J 

co yS' bjj .l^Ji ^hj jlzJl ^zoti ^zJl Lillj L^o ^JiUy» O^" 

1^1 i ^xJl L_JjUoJl ^J>\ y lOoI <LOL«Ia ^Lp 43^L,*g.o-ii yi y£- 
^loJl JJJaJl j»JI_^p jjoJI (Jean Piaget) obr c _ s -iJ\ 

. aAj _y>-'SM (_5^i bJ^I J (j-° iJUcjNI <uLlPj <aIx>il<JS 

tibjl «<=■' ji (_£-!) LS ^J r j -o>4 ol U-S' 

Q ^ AL..1 I * _i 1 ^ l ~,. l_3*T l^s 4 . ^ A — . >c— 1 1 I I^^UI I l ., y~l ~*~* 

(B. L. 4_ijjj -J .1 — J CJ*>taU ^jlp j-i-T J~oj 4 Oj^UaOUssJ! 

L ^z-Lio! lIUJlS' t j*JbJl ^1 6 ^^Ip SJUUl ^jb J _^>- Whorf) 
4_LvAi~<J! Ub-_UJI oLw>tl>-Vi j»JLp ^1 (O. V. W. Quine) jJ jS 


£yj <1) LS” OUi . <u~b jZJl LLvijaJl j <oi_vb-oJl Ul.yj.all yu j^y«jJU 


Ll b. y by^.'i -tl 4 ~>-Lj y* jlP (2) 

Jean Piaget: TVie Child's : jyljJl ^-jjO ^ 5j_ZLl> Uu jJs^j 4 LajI oLlJ otJL«~f- j 
Conception of Physical Causality, Translated by Marjorie Gabain, Developmental 
Psychology; 18. International Library of Psychology; 80 (London: [Routledge], 
1930), and Les Notions de mouvement et de vitesse chez V enfant (Paris: [Presses 
universitaires de France], 1 946). 

Benjamin Lee : j ;l .6jfS .ll b j->- ti-5iu_a iOjjj 3ff £-*: -U j (3) 

= Whorf, Language, Thought, and Reality: Selected Writings , Edited and with an 


41 



j- 4 “^jJl 




i^S}\ L*jjAj »_ ij j . k ,,<? 1 1 i jL^JI ^Lp C-A 4 Jsiis 

Enlstehung und : j!j-_*_j (Ludwik Fleck) dl_J_i dLd.i 4_*_j> j 
^Lp JL j-U-s) Enlwicklung einer Wissenschaftlichen Tatsache [ix] 

4 ^ ^-Lp 4 J-odd <J jL>s_* 4— 4 (1935 

jjfc ^>-i juJl?- J^j Lg^di ^i! 4iU>)/L 4 1 .La .^jLSol 

dLii 4 _j1^5 J jjs- (Francis X. Sutton) j jJL* ( _ r _ r ~ Jl ji 
j^LJI ^Jl jl Ju V jlioVl dLL" jl ilj^l 

cJL^pSfl oJ-A ^jJl cLl a oljLil sUjsI jjJj>t^^ <■! jJL 11 jl £-«j • t _^o-i-*-ll 
Lfi ^jI jS±\ jl Jj 4JU 4 olo^L><t«Jl jl 

jVl jl 


4 S Jj J.?- ^>Lwjj Jljl L» 1 g »9 cddS" ^^iJl ® 4. V ... J I (J’5 L>-j 

^ (Lowell Institute) Jj j jJ -L^> ^ U-l S jp:> CjjSj 

V jl5 (_$JUl a~L*-U ^a j_gjL« j- 5 ^- 4 ! “W 5 j-® J jl t jJa— 4d>.C« 

ol ^sjLsn^a ^LaJ ( j*» 4-L~L~* •cLja>«aiJl idol Sj . jjJaJ aJU>- ^3 (jljj 
4jj^>- d4jl.ij 4 1951 ^lp jjajLa /jLt J-j— * CUa-ftJl 4 4-alp 

^-ojJJ ^3 4dP j— a <LJLJl 4d~jl (_j- 3_J • ULoloJ^S 4 j jLLi /jP 4jd3»<oJlll 

*< 

4 Lo^JL) jLa^JI i yjl jJL*Jj 4 ii jjj J »_! J 4 idJjJlo ( *_L*_)I £c-J jlo 
'b/l 4 ias ^UibL 4JCaji Ji j£l j»J ^3 yu* jl-do ^3 OjlSsJJo 

4_3 ^xlj-il ( _ s xil jlS^Ll! JJJ J-Asl l^aSjJI jja* J^LjJl jjJl 


Introd. by John B. Carroll; Foreword by Stuart Chase (New York; [Technology = 
Press of Massachusetts Institute of Technology; John Wiley and Sons], 1956). 

Willard van Orman Quine, «Two Dogmas of Empiricism,)) : <JU» <_/ <jIj jjl jS ?jJj 
in: Willard van Orman Quine, From a Logical Point of View: Logico- Philosophical 
Essays (Cambridge, MA: [Harvard University Press], 1953), pp. 20-46. 
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jj jd-v2-a C— jIS" jLSn-sVI w-LLj <jl j~£- • ' Jj' 

4 IdJ ■ 1 / jJj y^ ^J->d***a3l aXj y^ " 1^ f 

^Sljl aJuU A-^>J Aayiil ^yjjdAJ 4 ( y"^Uaj ^SdxJI ydJL ya (_y^ dj 
o!>l5lJLaJl .J^-U L^JL/aj^l <u^>LwaJ! oLJ'yi a^_>J jl aL«>cJJ 

4-»_>..iaJl oii C->LJ jjJl pi aju> OJb*-j ^xJ l yfc j AdP A-a^yJlj l^Jli 
.yi)L aj AjI^j ddo ^-4 J j~*> "AS ddJ S ydl 4 ApyXaJlj 4 aJL*J| A^>sjjldJl 

ya y >- 1 jl -b-1 j <u*J ^ JJl JyslSc^JI f-jjJU ULo ty» djd*Jl ol5j 

I jU t$Xa jj-NS .(jfrUJl d-a>cJl ^ UydlyaJl 

* ' - 4 OuAjwX^^" a_j ^JaJ Avt^j^pad 1 . ■yvti*** 1 1| ^ , ... ^*- 1 ^ 5 * l^.*j ^ ^ d ^—Aj j la U 

y y>*» .AIRIS’ tya j*dSI Aylid d yjxLaJl dldjl Lf^pjXv-j 

^ j j ^ la)) aLdl Aj J-&2 yJJl j j ) .,l aX . 1 i la. a . J > A . ** ? .,, > A_d_a_*Jt dLL 

y yd iajljj 4 dJJ.5 AiLsA>'VL)J 4 .wiUxS'l jl adjJ^v- Ajjiaj 

■e*4^ 


[X] 


a ^P J-i iXd J_> dS AjjL>wdl oJjfc j j lad 1 a I aJj>- ^aJ! Cd->lSj 
^LJl J—S J LUJ! oUjJdl jd v ^ 1959 . 1958 fUJl *UdJ 

jSydl ^LaX&'l/l Aa>- y dd ^ A*jldl a ydJ_2 4 v__- - d-<d .Adyd^dl 

j! y* dJdi y_a OlSj .aLdl lyLdiU ydl o“>LSLd_ad! ( _ s _i| 

£-LaXad aLadp- y» 4 A^wLpI ^y 4^iJL“ _b>dLadl ^y ^»Lp- ad_a ( y L^.9 
dUu y Jjj j-A-H-J (JJ-aXj AjtijX-a J-^ O’^LSv-Jda A>-l jl 

^-ojuA-j dl A^n-JaJl f-La— L p iSj\*\s>TS^oy iS-> 1 XaJ 1 

LX>Lit)Lxj>-^l I ^L_»~olj iJ-P 4 L ys\}>- ^jJ*-ij 4 t yJ_aiil d_Sj .p-^Ja^ij 
A_R_^da_i A*Lv2X-aJl^ 4 ^Lajy-'V 1 s-La— Lp 1 4 A-0 ^-X_5^aJ 1 

^*>UaNlj ^tjjlxJl y« Jj J .AC-J ^dXaJl A-^iJ_*Jl ^AldaJl J 

dj4--..lgll y-L*XJXaJl ilL^a did! 4 '%+as>- y I jJJi 

^JjL^-aJl dilxJ did j*S\ (1 ) 
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J\ 4 LLL 4 JI ^J_p jli ctiLli ^ j .^LaOs-jh ^_Lp ^ 

oj?i ojLjI ^yi ail p ,3-4^-! Ai oLv>cJi j*Ap a-AOxi! jl «-Uj— AJl 
S j ^j*J! jJAi La ULp j j-aSf ! ( j- a oL^Lu'!)!! J j->- 
twA-ASUl ^yj^L>t-a (J^ . ^ LaA>- j/ 1 a-La-Lp^ j>- ^-1 aLajp* J^L-aJll 
^ au*JL (^JJS jjjJ ! iijil jl ^Aoli jili jJwa^> l y- 

4Aj j-ApI Ai^ ^ O’ La~*j i I ^yj j jJJi AAa 47.. ■<■>.. ^ La ^yaj-*-ll 4Aa>s-Jl 

,j-a IJuJ j 4 O ji J L^jl AaJlp L^j 4_i A*^»J_P oljLxjt ala 

. JjJl ^yi ^^j-jAAOaj! 7y! A>oJ LgJ j!^-L>-J 4-_aAjil jJ JijU^a /^ajjl 

jl jlSLajlL jL j3 ( v r a a-JXajl jJJi yy LaJL?-J 

, AjjL>j| j\s>c*& ai 4 AP ^ 4 j ^ \s.) 

4 ai ^ ...^. o Ji jALs jlj (_£A)I jjJ! a .£**& j ailpl ^yll LAI Aj>-1>- j/ 

JjlS- jAAj pj ^ylH aUU oLo-LS’ Jj-a Aa jl .jjLIj 

Oy>J ^yJjjl Ajjl^oJ! <L3 4 aJuA£ 1 40SjJl ^S~J . Olx>“lj_aJl 

t* f. 

^y3 J_L*s_i k j’ iaJLs jkjJa-iwaJl j-^-laJ jl 40*i > jJ 4 L^_o. l Jg„ l jwa jata>-ly^> 

^J~a— *_l! (jjji jj ^P>t_a jf jl l ^ jAA>-I Ai j . A^ j ^-a j l p_Jl_*J1 A_P j^,. a ^a 

ajL^u AjOuJI J j..jg„>- Ij^jalal l^^i-lj 4 pljxlL yjS^S 4 

jJjLaJ a^LAjj 4 1 ^Ai T^jAa Uls ! jjijl ^y*iaAXa _y0J 

£c_*i 2 _J! aJIa^*^j 4 ^ j-^-Jl jjS_><Jl -t-Jjli j( (Charles Morris) 
jv>P“ 4,^1^ ‘W?^ yj^aJl jl j-'P' .Ci^>c7L) ^y^ll aJU jJa . -> ^jL ^ji^XaJl 

^ ^ P P 

.4_<jj_a^ |j^- AjiX^La a jyj2-i (> ^aljl 4Aw3^yi AP 

Jj-wflJl ji_La ( j_a ( — Oil 4 O-L 1 i«L>IAp-^I jl 

Aj^S jl i illSLli Ijjfc jli 4 aJuLOwO J AAaljAa A_».. L?-j 40m^«J 

AjU^_) ^yP' jwi _J-a A-jJaO ^ JJl ^LoLSsJl ’Li-SjJl AjjL»i^a 

,4_iUiaJi 

dilji| ^j> J~~*j <Lj\As-\ (_yXP iO>«jl jA> yy * _/ll jlS' L«Jj 


[Xi] 
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I 4_3ll^j 4-oJaX^Jl 4jWaJl (jli I* 43 ^JLoJl ul3 L I 

^ ^ j wLp ' ( /^_jjJl p| J Jjli t^j-vwSL*Jl ^_Lpj »L*_>-I j_j 'V Jj\! 

4 4-lp Lla Ll*_sI3 ^JJLS* JuJl>JI a_>- ^- iJl ^j-4 4_^L>kJI ^ ^ > i_>c^ \ 

^-Lp ojLj I ^Jl5! LjJ jL>^» o^j ^ v 7 I ^-\_>=_> d)^ 

0^15 t ^jjL>r_^>Ji ^3 l */? > 1 o jL^ iJl-LA d)| j^' • (— ■> N I 

^ ^ -J I (_J L^c-»oJ I ^^ 3 «-*i^— •— 1 1 ^ 1 J 1 4-> I J_>j I _A_X<^ ^ ( ^ ..J I 

J-J.3 .^^^£3 *(J j-bl 4 >t^vJ ^3 4 1 ^>-1 ^ L^_L?*ol <l)i 
^Lp S^Ljj . 0 U 3 I O o^LiL^^AJ ji jj ^ jJl ^l>tJl dr° 

pb^oiJl ^_1 _pj oL^>Ji j*Jlp £c_jjlJ {y* J^JjJl JJJ 3 oli c cLlli 

y * f. 

A la J>~3 ^3 Ll^o J 2 JI 3 j^-lxj 4 llA jaLolA'A-S <_£jl ^3 (1)15 J .Lv^jI 

J-p ji^^l cuiiAj y j 4 ^3 (jlwJ^I oL>j o^So 

4_^j >' j (1)1 (J jJli 4 a « *s?\ j .LULLS' 4_^_>tJ iJUJl aJjL>t^oJI (^w^U_> La 

y 3X*J ^wo-viJl *1 ^Jl <j-P 0 llA Oj J_!a_^j| p-L*Jl ^3 jJalJI 
^-Lp^ .*\ ^-vwJl ^ J_P 4-^P 1 ^ 4 _^?-t^j^)Lj 4 ^j-o ObXj-\j>“ pi^jl 

^j_P olil j-Ptlj'AI Lg- +S> - y OJ ^_pJ_l*<vJ ^lll 4_4_> jJ^Jl ll)l-3 4 JllJl 
4 A-vLs^oi) «U*»lj3 2^b^>xj JjljJloJl j»lwfc| oL*3jJ| 

■l a ^y T? ^3 Lg-S"jj>r_) CjLo^J^I J J~§-^ cJ^° 

JjJiJLj ^J>\ ^ \ jis\ 4 4 — i-w^l 4jl . L j*-*y^\ ^wLp 

6-La v-L>- 1^ ^j>uj^Ldh ^ C5-^ 4-?+^ ojjj' J-5 (1)1 

^XwoI^_a ^3 j ^_$”>-L<»-Jl ( — o'V I £^jy> ^3 J jj>cJ15 — 


u» ^ p 

jj^- < _ 5 i-^- Lvijl i e-Ji£j ^1 ^u>-L>«Ji ijl 

0 jlAJl t y>jjOj t\>- JJj -t'C, 0*iA5vJU*j! 

^ yJ_*Jl ^y -5 j J - Ia . > ( 3 ^-“° ^ 5 ^ |^-X_j^l j-yU 0 jJLiiJly 

* 

0 jJLflJl L^-^sLu Aj j>Ji]\ ^ojl J-oJl °J J.ygj 
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-ii Lu* ' j\J . ' v-J I ! j La , j jS ! a j> “C-g - 1 CU-> ^ *LL L»~J ' 

lLuUj jLjt--.il j Lg~s joL*j' t^^LiXpl ii^oU cs^\S jl j toML> 

LiCiu "V *_Lol ^ L\L ji jl dLL . jjb-j»Ul i gcijl J L_<JL>i 

^ - j ** J- J ' -J 

. lil 1 1 *.62.j 1 a ii>tj ^ JJ 1 ^ j ^ lJ LLj Li IS" Lw LJLa 

LwLa >*y\S ^Lcll^Lj j-^ j-L^ I j [xiij 

_j ^j>- L-— ^ Jil <. j>~ ^ I j ^a>cJ1 

.ajJl^JI jjJaj* ^ AjjSLil^j a^pLoJJ>-'VI iw>-jl>J! 

^ a— S w-j jf_; ^-S ‘ ^ ^ >*\ ^_Jl j. la iJ) ^.Ji ^La_>t^j ^ ^ o— M 0^ j-*— P 

JlpL*J ai a^jUJI j^jaJl jl j (Copernicus) 

. oL>- *LjjN ^Ji ^5 jiJl ^Uiij ^J-p oj^LL 

^Lp ^ ^_L*Jl g-jl>- i ijjJiJl yjj Lgj 1 aJLi yajl aJ j ^JuLxjl 

^jj-p a^oj jj -L>- j 1 ‘ >-^J o j-^1 

;Lic-Ni jU t^pliipl ^s_5 . t4> Ajjjill Ju-I ^l^xsl (JjjJ? 

Cjj jjs> A O l L>-Jji? > !!l I (Jj_>M ^ A^jLL-Ci jL’SU £T_j>l 

Thomas S. Kuhn. The Cuperniean : ^ J_4 _j_«-Jl *Jl_» c 4_i j-A Ji_i_j (4) 

Revolution; Planetary Astronomy in the Development of Western Thought 
(Cambridge. MA: [Harvard University Press]. 1957), pp. 122-132 and 270-271. 
wumij u jjji uuuji _a<uu ^ j y j-i ^juji j* 0 -y'i cm jl; 

Thomas S. Kuhn: ^Conservation of Energy as an : y » l _ s _ij i-_»-_,Li-1 

Example of Simultaneous Discovery. » in: Marshall Clagett. ed.. Critical Problems 
in the History of Science: Proceedings (Madison. Wis.: [University of Wisconsin 
Press], 1959). pp. 321-356: «F.ngineering Precedent for the Work of Sadi Carnot, » 
Archives internutionalcs ti’histoire ties sciences (Roma), no. 13 (I960), pp. 247-251. 
and «Sadi Carnot and the Cagnard Engine, » Isis (Chicago), vol. 52 (19(d), 
pp. 567-574. 

u~ad jfj aUd.’ w - j ] 5C^ j-4 j-»a\ jjs j^ce^'i U 1 jC 

. -0 'Oil 1 c aA 
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*yP 4-^-O-A 1 


1 ,5 U_LJL>t-J I -L*J uJ l 


J j if <JjL 


=_Li> 




>i! 


L' JjVl 


qUuJI _U>Jl jli UlA jl£ UojJ kl^-3-l 

4_^»1*J| d j-li-UJ 4_^L*lo2_jl ^Luli ^L>JL*p ^3 lojl>- 1 j-oLi* L2-> jjl A3 
^JJp 3 J_>- ^-J A-LP y, ' JU* ^ ^0 . J Uj \ 4_>- ^a! ^ LP ^ 4-1 J) b>c^J I 0 A*£J 

. La^joI j^o j-a L^-Jl SjLJjNI oJjL>- j_3j i v.a. 11 <*ilL> 

v aJ-Iaj a ^_ sl Ulj <. A-l- ya _)L^Jl aaasIa^jI /^_p LL~<>->cP>-i 

. ^LL> ULa 1 ^|j U-v-oJ Li ALL*jaJ 1 ^jpj L*-^J ! Ajix-M Mib 411 a>c_<>J i i 

w-1p ^ I ^i_p L^j>- ^j3 vj w 1 w_a_a _LoJ- I I lp j-^> I LA—>ti3 

. Ip Lo-J AJZLJ 1 jjLoJ \ C j-yi \-Kj J^jP ^c, I | *Cp 1 \ 0_--£3 ^ - 

Jp~l ^5 (J j-Ljpu j j j.3 ^ j^jUl jAju j I si-Lta ^p>Aj As J 

. p~_AA p ^3 Lp Liaj>-! ^jl A3 4Jg-j 1 j L - o L i 1 ^_oJl Alb 


5J jU^Ji cAaj 


LUi 


pT Jj_X2_Ap *_£jl ^ 


^ULpI j 


prx 


■p \Jj>- LLIlXpj jS\ Ip v ILa j .>*_&-£■ 15 N Ea*p 

.^ASoI 


1 g '- a -,1 j3 u ^jAo2lL)1 11a 1_£j LX^LAsI ^lll 4-o ill I LL J Lfl JfiCLfl oJ I Ul 


[xiii] Lp J yll i \& 43 l-o- 3 jl 

Ip ^ ^_Ss3 ^gJ— P o ^ LjJ-v^ I 1 wLp U^-lS” 0 1 LL— L>~ i^r^ 3 

.4JUl 0‘ ! ^3 0 ^p>l (S3_L*^1 v 3 dl!^ ^jp 

3_L*J ojLl^l /jP j-lS”! Oj5±\ c_3 j-pJ 4_j L ^p * i^s^* ^ 

^jLS^N 015 J-LLS ^jP?L>C-— o I ^JwwOP>t-J 

u U-*Ji J> ^j'oIj! 5 jj olijl ^-3 4_>J_iJlj 

I -Lj i _j^— y jJ^ 0-3 j jj-wLl OL j _L« JuSJj . ^ ^xLl (_^ ^<kj 

liLoij . J_$LoxJl <Jjl>tLl o-L 

jU- ^j! LgjL>uWJ ^3 y&j-j Lj OjLj^'lP ^j-Lp j j_*_J — -V V;jj| 


o 
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SjA ^ Jj 0/ 4 OJL><Jl j jis ^3 J ^jlSj-vi’' f-Lo_^<L L>oN 

^ i_5^^ i-^‘>- Ss l ^OSN I j 4_1 _J_aJI j-_iULj jlLsI 01 

.L^lIajnJ 01 AjL-x-O 1 9 jOIOJ 

(.(James B. Conant) oJUjrif OLS” jlaJ 

tj*J_*Jl ^jjU ,^-Jlp L f--*jr £ ' o -* dj! (.(Harvard) ^jlijL* L*_*l>- 

^JjLxJl 4^» la .1 j ^3 y>i3 (Ori-Ta-d IjJLil (J jf ^JLdLi j 

_ <C3jj ojJLj 6 jISCsL JOt^j j»J *uj_»_*Jl (OAIj 4j|_b Olaj .^^Ldi 

Cal 4 J 3 ^la>x_<>Ji O oO CL~3 ^Jl 0 JJ 3 ^3 Ou 
4 <u5jLS ^JiJl (Leonard K. Nash) .1) 3 jUjJ l»l .L^J Lo_g_a 
<j>- jjJl cjL 4_w^*iIjAjI coLod! ^3 i cal^c-~»> sa_4— 3 

Old _0&3 ( Culij^ j^SjJ\ I_Cj1 jAs Old 

L^-ji oIjjlJ ^dl ^ccdl (JoL«- OjOwj lOL ,'wo jAS\ JjJI «Lw~jJU 
.LftjjJaj' s ^js-0'1 i Jj>- 1 ij-Jd 4 JJL 0 I jSj 4 JddxdU ^jldOl 

(T^r-r^ ^ CTR- 


L'S Old 4 ,Sa.?xJi 


_w»j 4 (Stanley Cavell) JJld ji j_a (Cambridge) 

^—Ux-a 0 j d_^ J-Ld 4 (Berkeley) ^Jld jl> L*_aU- 
oLlJU^Jl j L<i-_i^o Ls 0LS” t J^LSj 

jJ-^Ao C Zj 4jLliaJL4 ^j LXj ^Jl ^J-^3 ji C 

^20>c_jJl l)U L ciU^ ^Jl C jjb J .J) £-*d>r_ddj^ 

p ^ « 

. 4, ^L 3 jj ^jA^sJL) dx-lS* (J^JJl -Lj>“ ^J| 

jxajl J\ ^jA ‘sUSv^ Lo-^ 3 <^3 -j y* cliJ^ ^j. &>- 

^ p «■ 

J^S (l)j y>-\ frliuW?! 4^J>^jJl i-lilj j 

x>jI ^ ^ 5 "* ^ ^ .L^JlpLws^ a^Lpi 
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[xiv] LL L- a .-P ■» £ a Lp~ * a l li)L ^j-J-Ljl 4 L i?...% -T ^ - a 

0-»w ^jjj l ^i-Sjlj 4_*_al>- /^_a JUol^jti ,2] (J j_j ! p_A frNjJfc J 

jLo ._*j t (Columbia) jJ ^S a-*-*L>- j-« (Ernest Nagel) 
.J j js^ j-e>^ j-a (H- Pierre Noyes) 

^ i^iS" ^ J^p U 1 jZS ^JJI (John L. Heilbron) j j^J L a 

jt—gj Lj2-i_>sJ JL' Oi> J ^1 £_aj ■ ‘t-*-Lg.o_LJ 4-JiLgJ. ll -itjuf-) 

^JjvP- j) pLLpN- 1 L>-^a L-Hal N ^)l V 1 4 ljj>- flU_L-a g ' lp»- t 

L ^jjjjl {j* p-Al j~» jl a^IjA ^j-a LI jL (LLxJJ ^a ^iuu 

. I g L ISo 4*La?l>t)l 4 _L? j) L' tx-L i ^Lp (J^l ya bLLa ^_^-Jl 

c 5 ~chj 4_i! jJLpI j -^- 5 j-^-J’-VI ^^-X-pI Lai 

j j5l ji oJlp (3 j-lao • j-Ll" £jJ ^ j jiL Ol Ju N <_$ JJl 4 cp'is 1 ji j 

* p — • 

(_ji iLljj Lj-SL j^jLu ~L^-1j JjS” p-g— a>l <• Lg-Sj_L> ^-a ^L-l 

la-J I jj-aL 4 4j2_L>c-a 4 L-Up ^Lp 4 ^ j - >nJ ,^L>»P 

■4-1 ( _ jr wJjj uT^ jlj-a-^aL SjLal J -Lis .|*-*l 

jljJLa jJjwU ^Pj^^a JjL -a Lp_j^w*XwO ^j_a JL ijl 

.(_£ jSLa ^. 4 ! ( LS” 4_5 ^pl ^ LI j .0 j-a-ti (^.Dl 


LjjiJlS' 4 ^lS"^L A^al>- 
1962 Jjj /.LLL 
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I 


£Ujlll) :fiUJliL4 


L>d 4jbL>- “Ll ^AijLj! (_jJ| ^iaJ La b! 

** ** £ £, 
U^U- ^- 2*0 A-*»S\»^«J 4 L^ - 4 L_ ^1 ^^<wW 3 

Oi OJJW 2 JI ciiij OJlSj .ONI l^wJ-P J L _ f l]l ^-L*J! S J J-S^ ^ 

t_r*o° tlr 0 ‘ (- 4 -“^' *bJ_Jl J-j ^ i b^Jj i, oJ_*b_^l 

^3 4 lj>c_wvwfl 0 *i_A j| v^j>- 4 Cw^J ^lll A^_o-L*jl OljL^o'Vl 

L^JwO ^lJ| A^aJJwLqJI iw^-XSCJl I j>-yAJ L JUi-pVl 

( 1)1 wA.S'j^Jl . ^JL^-oJl 4_^? L yg Jw>~l 4 _^jLow* ^S" 

W f, # 0 

Jlxci^woJI pJ-*JI j ) L«l LpUH v^^xSsJl d.Llj c3wL& 

Aj j5 ^\3 4— CJu L^Jw^ 

^^jwLa i — -’IxS ^>5 j\ 4j>-L-^J 1 ^3 o^LiL^v^Jl ^JjJl AiUaiJl 

LxUL>- IpLJaul Lxlipl Ifjl oL^i) ^*-**^« 0 } LuJ jL>^ .a^JJ! ^ 

j Jj.^2z}) j-*t&SJ>c-A j& ^3 LlxJ^aL>c_o .‘Lw-^Lwwl Cj"* 

#> 

.ajI^ ^l>t-Jl J^LxjJJ ^>xj_jUl j \o jt-L*-L LaLj_i * 


J-Jl (Jjbx^i i^j-~^ t ^cjjLJI ^yA ( _^- >_ t j jy/jz - 1 tiLb L)t j*s- 
^j£- Ltubxl 4 jL>-*)U L^v 2 -w>i-o_i j t <U->ojLjl ebLii*_«jl 


b! 
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^ 1 L_Y^ 0 1 1 4 ^. ^ Ij ' ‘•'w ^3 -<0»J 1 LoJ I ^ 4»iw*_*»iJ I 

o' ^3j iO^ 5 «^i-LL? coj^x-^aJl 1^ UIp c (jLioJ' ^J-*.^< ^L*_3 .4*^>»L*Jl 
a^j^p j-oJl oL j-laJJl j ^j-Jl jJiJlj oUsL?-t>^J' ^^-9 ^-i-*Jl <_£ j_l>c^5 

wL_4j co'ji tLgJb iw05dl OJ j3 Jij .Nj cl^lj>c_iL/3 

^3 4^ 4_>x>-lJl c^loiJl 4 I? L-^j ^-*LJl o) <J ^JLil 

4-^aJa_0»J 1 olwU>-*Jl Lj-Jl UL^2 -^ jJuJI i .oSs-Ji CO l ^la-x-a ^-<^->- 

ol?j .c_^S\JJ 5j jJiJl ooLJa^-oJl cLlb ~up ~J! 

#> 

• fij j-lajJ 0 *-ww2j ^20>e_j ^>L*_oJl 4 JL_oP £cjLo ^ Ijj-vi2j ^J-v^l>Jl 

oil jJiJlj ^SlS jJl ^0 j-iioa jJfc ,*_L*Jl o' 'o0> J^sl llil ^P 

^U>J-*J' l 4jjfc! jJl s_oSOl ^3 A^^»j>t>3 ^caIoJI j 

ji ^*20*^ c jl L>^>-lJ c Jj>xj j^pLwJI 

co'ls^j *ljj>-l 4 _~u>»p j jJalJl .4_^l>j! 4^5 jJaJwOl OJ_Ij [2] 

C-i J^j ^ fl v — ^ ^_£.-iJl OJ->c^Jl { ^\ *• '-*-£' J 1-0 1 j-3^ 

(j£jJl ^aJ-*Jl jIj Lo^S" . 4^ 4 C Jiljt 

jO-jj . Lg.^'y o^*-0 coU-*Jl j 4_Jioo>Jl kiJ-L> 

<jl L Cj^ * ^| O ^J j.^,^,4 I,} j*-L*Jl J jJ^ll r> X ^.oJ I ^ jJ^pJ' 

4-^J S' 4 jljl>- ; LS" ^1 ^o-l ji ^locSl oOj ^Ip oL^v-iNl 

(J y^>- OLajj C Ajjlhjj t Ojjlij tO^^Ls^-0 
i-3^-P aJ Usj ; t-Ll^>- ^ I 4P ui-AJ O' 4_— L-P ‘^^->c-j 
o->Lj joJl 00^-0 colilj-^xJl^ oj j .l g- * ^ V L 
Li. — h I i-LaV I ciwO^ ^_w^j>oJ 4->&j! j-OS" Ooj>c_> ^3Lla_^ . o*— ji-L>J' 

o 

• bjU- Jljj ^ 

C->L>j_*_*<s j»-L*-]l iLr" <J"-^ j4j ^bp _LaJ c ijJJi 

^*Jsjl> j jjajJl j J ./?j ^ ^ I OwLtl^J^o 

<jl tf-ljj>-'yi biLj! ^^JLsx-s-^s ^.A»/i > jj t J ij .^S’l^iil 
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J j ^51 iJbJi ,JJU i y£- 5jU>-^/I oj>*-JI j>Jij 

* - t .e- _ ft . ^ ft 

1 wL^^j J jl -9 * ^x*^^* * *~^ ^ ^ ^ /v 1 . ^ 

SJlL*/yi o J l-A jl J-Ji ?4jlkJi JgjL>- 

j^j j-U yp j%-L*Jl j j ^ «-> M jJL$ .<>- jl# y^>lJ*Jl ^yjJl y* t <i?L^wo 

c 4j wu p O^ jJi •cS^r^'^ ow\_p^I J C^LpI jZj>~\j CjLsLLxS"! jj 

^jws^?-3 4_J-<*_P 4— ^IjJL^ cIjLj ft- ^ * •>* £} i I j ^J>-j^-^Ji P-j/jpk l^j 

3 \ 4- L-O.P LoJl j/ 1^ <i2L>“^l^JJ (1) ^^oJl 

jj^p 15w«lL)UJ1 ^.^-XjLlp LdJTj . {(4j I j>~^j ((l_la_>-)) 4_>L) 

y-a I ^Jl-o u 4->jl y*Jl jJl j\ 4_JL*^_>- p-L-o-^ 3\J1 ^i j).l^wwujl 

J3I Lo j-o^p ySC 4 ^°j <■ 4*5 Li ooLS" jb> ol 

j-UjJI oL^->-j /j-a jZS\ j-JU-w! ^\ y&S\ 4_*_w-l? ya jl 

oL^jJ^ L^~*-a-p LjLp oIwUj^xJI a^Lfc ij^^Lp 1^1^ .p aJ^I,jjl<*«JI 
4-1 2^-*j I lj_>. Lo i j-v-i? L~^ ^ j i 0 L-*-a I C j-— ^ L*a» ^ ^ Lx~o*-j 

jj/l J-v^ j-j ^i3l L^-wws^j c— L^j j^So_? L^j^_p ^_aL-<J| 

(1) j_$CL*a3 4 *UjC 4_£_>- ya L^-Lp 0-*-P3 1^1 Lo->l . 4-woj-*jl 43 ^Jj 
C-4 1 I *-j> U Lw ^ '-^ ) I p-L*J 1 o I 1 

jLiitj (j i ^-4 Jl> ^ c jLw>^Ji ^1* ^Lol j .^^-*Jl LJ ^xil 

[3] C->U jJi) 4-ojj^Jl oL jiiJl -L^j *V 4 4 jIj-^>j1 4^j>- j}\ /j*j .^jUJI jL^Jl 

jLsXpl k— ^jK^Sj C UjU-J . l-^J-P P-L-^Jwj 1 ^^J>c-<>J 4^>-l_P ^-P 
LxJ tJ!^-p-c-Jlj .^l jj 4-wLo-p $ ^-o-LxJI 

^ Jl-oj ^jJl a3 1i jjt> oULiiS^i j oLjA3> 

U j .*£' ^^l! 1 ^-5*1 4-J--&-P Jj^>- 4_>2_^< )w p i3^5s_jJ j LJ 

.1^5* jJ Ji jtwUJl ^ oUL^'yi eJjfc jl) ^UipNI 


.(p->- ^j.1) i^\ Ju»P &QjZ+a*>- ^LfiJl® _^1 i — j_^tAiajL (J jfil) 4«<)J_XS 4j 
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iuLu Ojjp 1^15 CjL) .ll ^SCjUll 0 J-A /^P ^J>sj Jij 

■(_s^j'- 1 ^ 4_L?-I y y <Jly t j*-L*Jl 4_-Jj.i <JL>t-j> 

a-b-L>- kL—l ^jJaJ a-Nj-A 4 Oj-L*-aj cF^J OjA <j^°J A-4 >wj-L> 

aj^Lp ,J-3l ^-A 4 A-aJ-la»B«a &-> j ji W,,( 4— a_Lp k j..ia >■ ^.-Xj 4-1 — .*» Si 1 y* 

s* 

l _y 3 - a yL*J oUl oLaL^— a Nl y- C— »vJl y 'J-L-j . LS oS\^}\ oLpdVL) 

* #• 

jt_L*Jl dDi 5Jj»- jJ L & y ! j-a-iJL ol O jJjl>— 4 a-JL>vJI Ld ^-kj y 
ki'^ks- yp 4 JdaJl ,J-w— a ^ylp 4(jjJL— J 'V |t (j 4 .AjLaj A^dxjjbJl 
aSMp yp illwil j y-^kj y Jj 4(-3oJl>J! jt-LJU yJUlp jlSo! 
y ij—lU-aJl 4jLli-5>-_J Aj A jJjL-al 4(_^1 4 AXpLaj>- jL^jtj ejLSk! 

f-ljl d-aly ejjj-k 1 _ ? 1 p djys-i yfi 4<dUi e-iljjj .aj-L*JI y 

^y oaIp 4.<iL-r>5-aJI _ jkdJI ya alj'^/1 dLL yyj apLoj>JI dlk 

— j\jyj$ L c r -/SJ > i e-IjMl dl-ljJ j_S jj yj! - da-j-L>sJl ^*-L*Jt jk- 1 A-£>-j 
. A jt. .k.ll ^Jl jjSkj La 4 _j yl _jJ — j L^L*>c-)j jJU-IjJ! ylk . ' . <t J' 4dL-aL— J! 
y>- L^iiUo yJlj 4 4i-U^ y* oLdj yJl (JIapNI J3L>- y*3 

* p 

3LjL«-o 4j_a_>— »_! ^_L*Jl JL*j 4 <u y,yk jJJl—kLJl odds' J — Ld> 

-L.- l a.~Jl ^1 y* —LLaJl 4—>dSJl old -9 L-a aJ ~y~ 4XX yd yJJl 4-£y j .,- -...J 
(OL-alj-Jl a-LA 1, ^ ,'. o -3 - 1 ^,-Jl 4->—--Jl Lai -^-j-LaJl i_ 5 * >s "djl'k 

. -*_L*JJ o-UJ4>- ajj-^a aLjl5La| a jSls 4^^^! -L>Jl ^ 4 ^£3 4ij>tjjLJl 

^ yj jjs y& 0 jj—aJl dLL ^-i-L>r-j 4 2-L^-i a j_A IjjJ^L-x-a^ 

.a-LJu>J! i— )L-Jl “LkcjjLdl ^sdJl y**-> 


jy^ ^3^1 jvl*Jl y-\ y y L« '■ y o^il (kkl Jlj-Jlj 
& ~ s 
4 L ^S- L-d» jP- ^Uaj i _— ajj 4 ^ji ?aJ jUc^J! ojj& (_g yn^a y 

Aj y y- A>t-li L^jd d>«-) 4 A^?a-^L»Jl —il-Lft'Jl AjU5 ^»-Lp jdjj 

Ad-a (-_JJaj (^JJ! L)L— uVLs .A-waJjJl aIL—SJ) ^ aJj-lp 

^jdj 4 LgJ 3 LaL>- OjJJ (k^lj 4 A-jL-a-d3ij AdL> y£k\ yal jJaJl ^yjA 


M 
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jl 4>*-jo jJ-a* -Ai oL-woj/l IJL* c-uUjJU Lo^iLa Oj£j ol 4 a-*)L~o 
<JLLLj ^ y^-> .LvJiiaJv-a 4ji_v~_X_avJ 1 ^_vP d-A-1 i 4J-P /^a (_£ j->j 

J—AjAj ^Jl 4_»AL>tJl £^jIxaJ| iwL>t^J (jl 4-jlSjal ip Jj_JLaJl oLilSLaj/l 

^AjIjaJLj i(_£^_>-l i-A j-*-« (J jJL>- ( _yi 4jLL*vJl 4J-> jj>cJJ 1 ^ . \ \ 
4^aL>iJ| 4j|jJLbta oJlAj (_>JJl La-9 .^L>J! O^IwLpLj l 4jA-c-J J_^>bj 
O.Aj-1*J| 1 — lj|j *? f-L sJl J aL-a-SLU 4i-alj.i ^^9 jAia ^ jAaJL 

jlxixj (JjJj»Jl ^SjjtaJI JJL>JLj 4jiijtlaJlj l l_£j ^-SLaJl J^S-Laj ^lil 
Lg_>l ^yip 4 jJJ^>cj ^xJl 4JLdLJl oJjt*_aJl a ^pUaJl ^yr LP* 
iS^A-P 4-*_>_Js> jl ^L-a-S" i-*— -Ja ^ _v a _^_> <W>1> iSjAp upIS 

^y9 ( (jL-aJl ^J-v-wvvi ^ip^3 ^J— -dJl I j-& ^pa 4AjL-al ^jp 4 j^>-| j)l L 4 -jL ^5 

*-ii-*-aJ ^yijj/l j j i axl l Ja-I y> (jl La ilia t LULLS’ ( j-a ^Ll!! J v - Ap SI 

4 Q L« — * t - a . j 1 1 ^-la_wl I , ~ j— a 9-Lp j Jv-aI ^ - a ; ^—9 l~v L4^*-aJ . 1 ■ 1 I 

4_]aj>- jLaJl oLyi.'i< ^yip “L-v—ajA LgJ-a ® jiLJ OilS* J ( 4-^ti-.i-.ila,LJ 

( J^-o (_JjLsJl i lj^' J (*-l J .LjjJsj La-^-*-a 4^5^^ jl c /^--a-L*jl ^t^XaJlj 
(jlS* il _ £^J-aJl Jj.v . lg,~ ^9 LSUi-! 4_pL->«-aJl 4jj£La}\ ^j-ajl-LaJi a-Lft 
4-L) liJ I ^j-vP (3 ^-Lzi I a^P Jb (—4 La ^y9 4-—— u (j IS* La-> I ^ ® t ^a-Ap ^ L^-lS* 

.4--9 ^_L*Jl 4^>jLa_a c_-_jLvalj a ^*—5 L-«J l ^Jj L^j j^-> ^ ( 4jjlj4-aJJ 

(JL>c-a lj)»L>tJ (jl La-^Jp Jj t Ljv^JvSLaJ 4j ^axJlj 4jia-j>LaJl (jl (_^4 di-va 
L- a ^ ' wSvJ .^— L- *Jl ^»wL^JwJ j/ ( 4j jv-a_- v a..ll ^-a-i-a-JI -X-fiJl^-a-il 

ji l „ -, 4 -- , i-V-AjA-a-i I dii j-J 4^A L>J I 4_JL-J I vA_i-A->aj ,* ^P La-^-A-A"^ (j I^->c_xj 

Jj-vb t<L>aJjlj J 4«.A»«-di ^j>l ^pl a_~S jJ> ^UaJvj JLaia J*£- ^-aAp 

(j-^j (_5^ 4 Lyy* y^ £ ' d>aia JvA a_bj^Jl olj-4AaaJi ( J :; SwJ ^ 

• 0 ^* 


(V 1 JLa- (_^L (Jjvj M ;^jLLjl ^-aAjJI aiii^ J-La 4 jA-j (jl j*£> 

O J4 jj-a l-£jU-gA 4_^aJ-P ip j-aA^_o 4_^jl_a_a 4-jLSs-al ^Jlp tJljA-^l 
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o'! dU,} N Lod .L^-a-PO i o4-Lo*_<»Jl 
Oo_&l j-sl C Lo 0-2j ^ C A-woJ-*J| XpL*J>cJ| l^J 0-4 J^Xl Xa jiioJl 

jj 2 (■ * 

-L>LoJi Lo-L-2 c ^JOaJi 0*^>E-Jl IJLo La ij^l^3 . O— >- SjA 

La ! oJoll ^lLOjNI JJLo aJJO>I ^P AOLj 4_j^_^-I 4_ w-OJ ^-JuJl 

^oj L^jo La JlpLLx!) ?j ^SDl! ^L-*^-^! 

La J C^L^vJ>- V yi oJlA J^_P L^j>“ jis> Laj 

t ^(L^jjL-vo La ^|) 4_>^>- V li S L^LP C 5 ^i (J jJl o>LJl 

Uj L l Jodi ^Xl ^^L*Jl ^ L>c--olj cj^^l 

5 > 

aJ AO^oJl (wJliaJi J-* J Ajjj^lSl AjIdJl ^5 dldj 

dlL L) Ls i A_^5j ^ A-j Aj jj (^5^ 1 dLLi 0 1 Lo-j j . Lg,*3 . L^-*-^ I 

L^d - <!)]_ j . ^^J-*Jl JJL*J! l^J (j^^j 

Ld t ^£^L*Jl J^LiJl Lfj ^oo ^Jl o^LLJl op-LLSLjI 

^UJi jJLJl ^j-ajw\J LaJJ_P ^J>^_JJ .oJj ^1 C j-w-4 oL>t_)l 

dJUi I^s4 l ju/o'i y~z i loins' ( v r A ^1 ji! j jJU! ( J^ajill 

i s jJL> J lOuJ aJl ^yz\s>*-*J JaJLa A_iL 00 _»c_J' 

CO-2 jJi -A . ’. 4 oJl A-o jXX j! Aj jj-o Jj-a Aj CaU-*-<iJ! 

i o' /^-5\_^_j o'-S" 1^1 L»^ tjL«*_> L > ^^.—4 c A»— vJ fl— 

A* C- ft ft 

4 Li L*^- 1 ^ c a^>&j LJ 1 ' ^ I 1 I I , * ^.ft L~j U-S" 

IajjIs" 1 U'j~» 


[ 5 ] 


j_Jilj l - ^ i i aJj t bjj>-j ^j!jOO*J! jw 20 -*-U o' ^iOJ cii-ta ^-Aj 
L Ji . ;isjij L— ji A— UjOO— J ^-aSI' _^Aj i (_5^A*-'' (_S^ 

^JJ' JaUoJl t (_£.il*Jl j*J-*J' o' .(J-aU'j ^LwJtj ^.}L~J! 

^O^a 1 1^-3 jL- ==~ ^ S j j-^->J t Lj yiJ (JJ aLU-*J 1 j»Ja*^a aj 

Oij .jv-"-*-J' OJJ-V? 0_>tLaJ' oJ ^y?\yx£ y )i I 1 • tfia - a 

/j_ft ^JJO-ji _0>tJ_oJl OJJi A-^'ol ^3 j-*X>s) Ji jJJ^ L>e-j J-?- 
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LJLp ^pUJl .l)Lp sj ^ ^X3 ^/ \ 

*L>Ld|^jl ^wL^_) L^J ^5sJ 4 <b J_A ^>tJl 0jUwl>Jl jlSo^l 

s-LLL) L^ c 4 <J ^JL LljLs c wLL!^ ^a ^_p^JLj .A-w^oLwo'yi 

aS y* ^.^L*_ll 4 ^jIj^JLp jjJ'y I 

* t . * f. 

LL>-I L *.<?., >o (1)^5*^ .aJj ^ 1? SLaJ La o jSo lAjJ->cJ1 ^SLaH d)l 
J-pl ^LiJl ^3 4_L>- Jj>c_t ^ jjl ^j_4 C 4_oLp LJLa*_a [jl 

liSi Jl^ 3 aj^SLlaJlj Aj^JLH Jp <■ 43jjj«^>Jl oLUaJI j 

. Lv2j^>- i ^jUaj ^3 illwjl lILL ^Jj>~jj ^jjjJl i ^ 1 . /? c-i 

^•L$J is~r“j p-*--AA <-j^4->- J-a-P J-lajtlj <.(5 jj-l CjL^U-4 ^ij 
[6] 3 y-Tj jj -£■ La-Jots' t AJa £_i ^XaJl Jwo-*Ji ^^3 t (_^3L*Jl oL-at-JL J(-L*JJ4 
£-3 jjdl ^1 4_L«2 _j O-4-J N j»UaJoL/l ^»Ji-P .j-4 |_£jUs j->a 2J-P 
oNU-j oNUJi a-lA ^ .Sj j^C-oJl oN jU^Jl .j-a j*p ^L 
gjl _ jJj*JJ !Jl* uJ)Ju>*j LaJJPj .aJL^L (_£3L*Jl ^-Ldl J '%J> J j&J 

a-*3 ^_*p XSj\ ' ' Llljl ° y*r'^' a— a_L*J I a- jj. o,. ! I j * L^-Lp 

( jJ..JJajJl 1 -A. — j JJ3jIl>- _ <u^_l*J( j l_<k_»-Li 4_<wLiJI jJliul -L^i-i ^u! 
(. aJjLaljJjJ'bll a-Lt-L>- 4_P ^-o-3»«_a 4_>Lg_Jl ^3 4 J_£_*JLj 

p p ^ ^ fr 

^Jl 4 43^JL>Jl .^-AaJ! 4_^> j, 'l^woJ I wL> Jj>- c a *& } u j 

La t 4 . '. g aJ I OLaljJN^ ^3 1 LD 3 l^JiL^a J ( J_*<2J»tJ 

♦-L*J! JsLijJ ft-oJuJl .5~o-L*Ji ‘— J U °-^- A LuJjL><^ 

.JtJLidL Jl-a<JI (^iUJl 


ci->I.A>- , yi ‘»iLL ^3 oJu>cj auJuJI oljjid! (_^Lp 4iiaSl I L)| 


L-ili IJJ 


Ijj-I 


Lo lJLp ^Jl t j^-LkJI j jJaJ ^3 


aL^J jJl (J JsjIaj j-iUJl J ^Ul /^J- ./1 3.1 i ^ Ijl j£Ll ^cjiJU wj 

^j-i J-^>J j->^ a-La— >wLi A la.^.i j-aJl ^^a_L*JI j j la . t H (_y^ 

=* #. 

N ji ^yu>Ji 3 i al_w>- t (Einstein) j_jLwi~_)U (Lavoisier) <4^,3! jj'y j 
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4_ofcLa yC S j_Aj .‘CwttJbJ! 4j^Jb AjiljlzjJ 

jlj ^3 U L>-^v2> j jJxS^ I ^-A oj j >-v ^ -> olj ^xJl 

j 1 3 l aJ > 1 •oi-L^'yi ciJ-L* <L+>>X?*- J ^A-P ^ ^A-*Jl 

: ^jA jL*-Xpi OolS 4 -w^-Lp 4j ^J aj ^£23 j J->cJL*Ji 

J5 ^Jol LoJ> .L^-*-4 A-visCJU oJjJ->- Aj. j]a-) 4->e_Lv2-^J lLU^J tolij^l 

j-jL*_«J! ^ J 4 ^3 NJlJ L^Jwo X>-\j 

kjiJjJ (J ^JLsJ! ^Ju>tj| _^l <iLw_^Jl y-*-> ^xli 

JL5w<L) JL>J! S l j-> xJ LgJwo Jj j .iJLw^Jl 

4_i_>-i3 ^3 ^JJl ,*JL*-U L^jLi l g .4 J ^Jl 4_)LgjJl ^3 Uj>c3L>-I 

^XjI (. u^l^vJcJl oi-fc Jju o[ .^J-fJi I^LxjJI iS y^- i 

* 

,4^_OwL*Jl ^jy£L >\^&> tJl Jp 4 LJlp l^U3lj 


jt_!L«jl aj JJ <Lw«ij3 ,^3 ^j^ 2 ? j_j ^aJl^ /3 ->tJl aJ_A j j-HJ 

jL^\3*Vi J-3-1 oj_j .(jLiwiJI ^j-> y^ 

^jA L&jLS"-Xi*-*i! jiUo ^^Lv 22 j>cJI dJuL (ji oL~-> 4»^Lwj'bll 

^J| .L>- j JJI L^-Xj j jj OuIa o Jo J_P djlwL>-i 

Ju^*~-S”L« *JL*Jl Cj J_j 4 j-JL$o i^J-P j-si <LJ^« A S' j_^_> G-^ 

L < 2 -Jg l Cj 'lSLs 4 aj jJa_> Aj^ j_> ^ (MexwcII) 

Awo-JaJ^Jw^ 4 ^jj>-\ aJ_j _Ls>- CjL>jJslj jLj 1 L^-S* .kii-J^J 

^j-jjjJl /^-^? L^>.x.>- ^ 1 OjJ-s^ sl)l5j 4 Ajii 4 4 _^LLo j 

Aj j lg X U OJj JJLj . jv^J^La.5" A iUa-La oLjjJajJl iiAJj 4XU-wvwo 

lI.» ^3 ^-w-i-XJ AJLq,.,>| I ^lX q o^)_jJ«>cJi 

yo j>p£ jiixli wUxu>< a 11 >s^ V 4 ciUJlS jt-LJ-S iiflwjl 

^ jjl ^w^-usjl j_a Ixaj .^-L>tt_Lj o j-o-jI ^ I ^-> 1 ^" 

i, A-S_ i LwJi 42 a-Xj Jj>tj! 4j ^] j _ ~J i (j ^5\j Lo Ij^U liUkJ Li ^ ^-JU) 

^»-va-A 0 |j .Lv»l?- 1 4 ... iaj <Jb>tA (jlS t4ilvi[ J5 O ^ jl 


[7] 
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iolplj i LgJ iJLLJl ijjJalll pLj iolpj ^./sC-dj AjjJalli oJvA 

Lplojl ^lp boJ-5 C 4*Jj>-i.} 4 j j^j A^-l^P <dff lLU^J L LbvJ ^ 

*y t L-A tif^J -SJAa-Ij 4_1_J dUi jj-Svj N txia3j <. o3 ^jL«_) J j>-j 

J^-A-A-H C.',.. - 9 ^3 tOL ^x-s*2 4 >-jj^J- cjl ^3 4 _jI jS' -A»>tj 

I 4 JI ^lajJS ^1 t 4 xLj <. p_Alp3 U 4_LaxJl tl^J 

.'yjjxa Ijib- l^j! ^jJLp 

4-^>-L*J! iL-O ljj>cil LaJx-j ^a sAjJxd! Aj^JalSl oULLxS'ih C~~J 

0 ! ./^liiLwa ^Ji> LgJ OyJzyCj ^JJt i yyy^>i^2^>- S l I LgJ ^\ 

^jlll i 3A> 3Jj>sJ N ^JslxJl ^JxJl oLaljxl'L/i 

* P 

dJLL' .xJl (Jj^W tLaijI > — a. yg ,j t _^A 4 J -1 C jjloj! LgjjJ3>sj 

l AjCwalj 4-^3 Lx wJJa^J 0 ^^3 ^JAj Lax ^Ziaj .4-3 0~~J L J^1\ 

— ~ , I ix-xNl t_iLLxSl j\ l y~>^~S jNl OLIOS'! JJu ULLiSI <jl ^a j 
ijj^o d )1 ^3 l.— 1 x Nj .j»JL*Jl j*_1Lp jLSLx U-wi £ . ./? ^ N 
-Aj>LL<»J! -A_xj LoJ_ 3 ^Jwg-4*^ N 1 -A.a .SLl i s jjl i_sLJLxS'^>L! 

La ) j — xj J! <Ax-xj^ c 4—> -A — ^ — 4 - 3 1 4— o »— j 1 3— ^ - ~.a..i ^ ■> L 

4^wi LLt-axil S-La (_£ jJ>s~a ,_53_J t 'LL jjs> SAxJ (.L^jJl ^L~A-t>U 
4-xil jJi 4A-Ji>jl C^-»~-J3 .jJUJi L^J“)Lp- ^ ^jl]\ AjjJaJl 

La La-A3^>-J 4-ijL.1^«L C ^j-3-Lsa2j2Jwa L) j L ' . ' ' J 

^-JL*J {J ^ w^-a tjJJ^ ,4 _j 3L*J^ 4_^_L*Jl C-jL-ajLo-aJ! 

53j-L4>hJ| el-J L-3 L_~L_X_S^*V i ./? .a I ^^-a-SsJl tljiJl ij j -,<? >- - ‘L*~aj tpJ'l_*Jl 

. 4j ^ laLl ^ -A ^ 4— «3i^Jl 4-4-A>sJl ^ ^X-^a ^^-Lp Aj^A 

(^.U! j 1 ^A 4-^oJ_*Jl Ax-,- , 1a J J j,-,^>,:J 1 IJLa 

j iL-Ui ^y~pyi jL 'ji . j ( j>uj .4-JLl!l CjL>oLaaJl ^3 o-L>Aj>o LJ 

[81 ( a_vSJ jj-P 4_A3j-!il ( jj t clUi £_a j >k J jJLJI oLXx-a t j_a aljJv-J 

iOjAliij 1 I -lu J 4_vilSLa| eiL!3 L)V 4 4 jj^L)L O U l-Lx S '^ I 
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lLLLo j I (^j^ 3 

^3 a^jL^JI ^j_p j Ly^->- L j Aa~\Ji^J! oj_9 . 

^--*— & Lfl-^J-J Lw^ a ^)^ 0 ^»*»^L<w o ^LmLLlLl ‘■w^^vjL 1 4_j^-s^2-AJl ^^ 3 l „w.;>c.J 
^JL*!^ 4 JjL>c_^jI aJL Lai . <L^L*JI oij^ilij j*-L*JJ 

^LfLy^i 4 jJL£ ^pUJl J-y2-tfJl Lai .iJLJl ij^ycLl Ajji' ^<Ji aJL^S/1 

cLU^J w ^../3a La ^3 A*w<i-L*Jl 4j Jjj Aj t *...■. ^ ^j_P <Jlj^**^ 

^ -w_P t LL 1 ^J.«|<^? * ^ 1 ^ i - ^ ^ *>\_*_1j3j 4-«**Ji Lwa J-P 

^£>^L*_i! i 1 L La_) 1 /^_p l^_<kJ 1 ^->— > aj ^)^->J l a^**3 Ln»'0^.L3 

AJL jliJ C <^J>CJ ^Li AU-<>»*Ji ^j-ajJ-j j-g-9 . JuJj>Jl J_JjcJl ^Lolj jt^J-iil 

J^**- 4 j^^-LJt tl^JL 4 _m2JJ^> SjjJ&J ^ Jj*J (j! j' 

.j»_L*Jl /fp 4jjL*Ji IjJj _^- v^ is jJL«Ji * oJ^iJi jl j^ib»txJI 

4_ t ixjjlxll iLvLo^Jl ( aJjj ^o_L*Jl j_>*iL<ijl <_i! jb) ^yj. <*«3b-<jJl L&JUs-j 

i_5~~ j t_^i ^ y^~“ i '— '-’^ ;_s^i LJap i^^yj ot J*' 

=* f, p 

A^« <3 * ^ 'y> C 4 J 1 1 4^, *. J LlL 1 s^2_aJ 1 ^ L l^j— 1^ . 1 

^ jJLllJ JojjLll ^liailj J j-la.",]! ia^*}L<dl (J ^aj>- 

^j-a ^jLSl Jlj H 4 LJJ 3 ,'^P <jL>“t>L] ai_& Lll! jL>t^ j»Jjij ^jjj .^^UJl 

(Jji\ ^o-L*Jl -L>*JLoJl ^2 jLs^2j>- l *— <>1 ^->cJ jJl .1? ^ Jaj > xJl 

‘=u3L s i>! U L i^l c_^L-Li^j ojj*-U 


1 f 1 L.j -\»d l^- 1 _^^ _> ^ ^ 1 




j! <ui 


^ L^aj 


^ jiLaJ! 4J ^_>oLI ^ ^3 ^J-cjjbJl ^jIj A-uL^La| 

lj aJuU^ji i-oiiiii jis^/i ( j^> ^ii j^°j j 

L5 LiJU^J-s > ?t^j>s-^ ^->0 ^Lp lLU^ A-*>>1 jjJl lLLL> L)1 

o^>LpI 4_>> j'k-^iS/l L)l ^LLau ^cjjLJI L)J l) jLL* 

ji Jj-fl-Sl . LjjL-^-a UL^-lj i A_J jliCi! ^_JLpV! ^^JLp 
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[ 9 ] 


^j-a ^.Lp ^ ^ t dJ-ta • 

jj-uj .43 j^aJl Aj^Jaj j J) la . o J! ,*J_C- ^Jl LxJ-Aj Lg_J| 0 J- 4 ? JJ 

^O Lj I | ^ 3 j La^»J ^ lj 4 j 2 j L^rtrtj ! ^ _-3 -A_OSj i <Y_J , J. — ' 1 

J_^_j . ® J^J_j*jlJ! JjLw^ij ( (^_jLJLi5 s yi (jL—u# La ^j-o c|j^>- 

(J yJL>- JsL.i_>- /^£- - — >-Lj jj-w4-P !j! 4_)l jJLS*l aIU^ l, « 

LL oLoLiX&!j 

^ £• 

Lo_a La CA l^jLa_xJl oL_a JjLa ^-Lp L)j_So o~ J-*-> 

ol ^_wJj c cJ-lii IjJ .L^j jjj LaLx_*_ 4 iiji! LJlj (^L® cL^jUL> 

La lil (. Lfil ^yP I O Jj Laj t 43 4j»..<.Ja i <UlL*JU 1 ^..,.aJ»-I t ajj 
Lv 13 wLwil*a L^-iLs t ^J-£ L^3upL_s^ 

LaJ> J (, l friL. Ja.» J ^'L" jl>5_a jU i. 1 L-IJ 3 £_oj .4_~a_*I j_£ 3 La a, ^Lp 

C ^....4?,^ ) J JwjSj^ 43 ^AaJi L^3 ^j! “ui_*jlJl i_43l jaJl ^ip t 

4 > ,A,]aJwJ ^SsJ ^£3 .LolP j^S- LLSLjLa i_iJjj L^_il O j-gJal 

Jj C<L_a_L*Jl J-Jjsxj ^jJLu (_gJJl pj^jl ,%a l Loi Jjj! “Iw^aj 

4j ^_A ^->iJ I Ajy>- L! I 4P ja->t» cr* N djj>~l ,‘^-P ojL^P (j'Vl jwLo 

0 ^j!jJ 1 d-Lb c d-Lta l ^ ^.p ^1p 

C 4j j-lij ^3 'l^Jj>-Ju .<lUpL I^J**j>xj *)l 2-P j-ioJl A^oli2-L<JI 

^ oL) J la 4 i I ^5-L^ l£'-^\ ^^2J>C^2JJ ^ ■ s j> ,_ > d> tdUj-Jj 

^y» Jj ^SsjfiJl ^JjCj ^Ldl 

^1 A-^il jJi c^LJ^lx^JI t^j^' d ' ^ ^ ^ ^j-p 

jj*\ j-taJ wi-sSo ■ L^*“ 

L^JuP J C ii oil jjij L 4_P j oj J^A-)J 4 LjJ Jj>“ 

.(JI^saJI ^ oU^ii-Jl oJvA 
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II 


tii-ta 4 a_|jL>J! LjJ jL>*_a t 

<LwaJ-*Jl >X>-lj ( _j-Lf' a j j. */? i 


*Lw<*-L*JI AJL^^La-aJ 4 La ^yo-i-P *X>*JLa L& ^ylJl 4 4JL)L-*Jl 

^yS 4 ^ wg-AxJLj 4 CjIjL>cjN I cilL JjLa il*J ‘ - “CAJ>-“)>Lj 1 

4- - " .XJ i aU_k j . iadJC-aJl J l^J-a <Uj!J7oN1 4 

l-g j 1 a ■ .la 7 jl J_>- 0"^ t '-5-*-a'i 4 ^—/2-j'j 1 ^-5 j-d-aJI 4 Jj la ’. H 4-J*a 


4 ijl>o j OUi>-^L*-i ol<j«.la,7)l a j_fc OjLiJ La^ 4 4->t^»-LJl 

4 yZj^ £^*ibd! o y4-!l ^JJa^ 4— .7^sJl i»liJ_> J-~a (jl 

P ^ 

( j^j JuJuJl ^c,$\ jJLa 4 (loJu>- aJ^jl£L<J| ^ j_Lx_U y 

»i'ii^Ji l*^s3 . 4_Lj ^>2-._1j & 6 ^ ^ 4>. 1 1 ^y^SsJ i ^JaIi l , • • 

c (Ptolemy) ^ j^Jl la J 4 ^liSj 4 (Aristotle) j k^> jSf 

^ ' J £ ^ ^ l , a —S ' ^ 4 J) — » *■ * ^ ll-« /3 - * ■< > ■ J l L - ) \ ~mJ$ ^ 

& 4 4-0^1^3^0 4- L^.<>_«^N-) 1 4— 4 (Franklin) 

4 Os 4 o-a Li 4 i^JLS" c(Lyell) JotAJ 

^ la 4_^ ^ L- J & L_^o— 3 ^ ^w wO q^ kJ— 4 U ^ -3 
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o I yo <jL>-*>\Jl JL>-^I L^-wj>tj J-wcJ cL->t-JI 

! U-aj l { y£j yyr j*^SjL***° y° ^ 6 ’ < ^ 4 l5^j 

(JlSwil ^P |_L^_) ^LjMl y> ip j-o->x^3 «, — J-L>- l)I <S Jj-^o 

I ,J^ ^j->sJ (1)1^ 4 A^JLi d-3 ^Jl '^^3 *• I ^^cx-LaJl 

-LaUjU^o ^lll I y* odjJ->- 4 P hj ! 


^j-JL^L^xJl i^JjwJLj aJLx^JLj ^^jJl oljUJ^II dJUj ^Jj 

4 _j ii^p ji la ./? oJl !J_aj 

iJ J--JLoJl 4_ljLisVl (1)1 0 J-So ^j-J^ L5^i ‘‘■‘-'''“‘S-'^J 0 jLjJL>-Lj^ 

<■ ij j i a j Jlj 1 (j jjUJI 4_LLol - ^^JLscaJI 4«w<J_*Jl 

lL->c_JJ J-JLi l^JP ^oL»j ^J_ii - <JLo^*1~o!j C J^lalS! j 

Lg-4-« ,/?,.» lILju y ^-A jJUJl sAaj . I - a ]s \ a AJL^j 111* 

jl) y * . JJa, J I ji-UJl Jjla ^j-jjLiP d>j>tuJ 

jt-Lp))j jl) 1 aS j > cJI 4 (w^5wjjj-SCll n 

(1)J^ .lAS\_A^ 4 ( ^ d^ll ^y2L«3l D ^0 4 ll [15] 

L<i^ 3 ^y?Ls<g.^.>-l j-a L^a>j _ <r L5\il LiJ.^ ^5 L<>~> 4 (oLx*_i_o! j_<Jl 


s^Jli^Jl Jl^j (_£^i-!l j~& 


^_^_Ip j^>xJLo ! j_v2_p 
aJVj - c _ r ^LJl 4-i^LlLj Us 4_ji, +J2. P I ^xjl 


0 A ^ 4 — •—*-»> 
^ 4 ^y^L>~ 


JpI y I j^Xxj Jjj I y\S iJbwA l^L>x_Joi iijL^w<-*> 

4 ^ ‘CL^jLow^ j-jL) Lo_ 1_9 diJjJ 4 L^...*.vw^ ijj^L^Jl c^L<>_ij^i ^-Jl 

jjjJl L>c-^ I 3 . ,>». ^ lwQw*-J A^^L^Ai'y^ ^ Ls^.3l (_J 3~*~ 

JlpI yu y** o ^ ^y*~i 
(jLiJl yi 4ip L » j ciJJij .L^wwv-aj <^^wL*Jl A-^jLo-oJl 

jl y±Luj\j *■ /_^l 4 Jl*JJ (l)Ui> j-Jill LoJ^ ^ 

.Oj>c-J| jJLi> ya yz>\s>~ wUiaJ 


^Op 0 j-A Li! y jJ! j 


oSfj 
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^L-Sll jp f'ASGl i!LWi Jl ^ I oU tJuaLJl jK/MI ^ 

^yJjJI jU^Ni pJuxj bUJ : yt, oVl Jlj-Jli .aJU^I J[ cpi ^Jl 

jlboVl ^J-£- t ojbj^pL) t 
(i J ? O Ub Jj j->«-J ^j-Ss-ou j-lajJl o'u jiiJlj j^Jl^JLllj 


jJij 5 j j_a j_>- owL >-j ii j-Jl L _^-*-^ 3 

L®0 jJ LullaJs LfLUo *^3 4 ^$j-*Jl J jiaJl ^JJl V^jllfiJl 

^3 oJ«»£> ^l>*I L aJj-p c ^>6jj> *V j. j o ^Jj_ 

^ij-AAi^l o«La Jjla j-p (1)1 U->U t ( ^-vc^L>cJl Juv2L-flJl 

J y^p'lS^ 4(J^J}L*_il ^5>*Jl J jv-s^g J LLo-^_Jli ^Lw^jLaxI j^_$\JL**> 4 Laj 

^i-P lJ j-oi AjJ_> j^y-> ^J5I jlj .aJ *JL2>\ oL>5_ol jJl 

j->^ oLo-^j^I jJl ^j-p jl ^5w*Jl *_L*Jl /^p <15j 5 j^L5l Llm^^p 


. L<>^_J5 4 j5.-LoJ| ^j-JajI Jjjj j.^/2.1 ) 1 jh> -L^-L<k-P 


Cp-pt-JI ^yo £y_> 4-^1551 ^Jl ojLJj^/l j^-> jJa aj^-va-i 

cLLLj { j^ I Jya Ji'bH <Jl>- jl 4 C->L>5_ol ^Jl ( j-a cjL^ C^OwL^Jl 

.^JJL> U L&^S5 .^A-P *0-LJL<Jlj Aj> t-A/MjJi O^Ix5o^I^wJI 

* p. 

‘bull (_>wUl Ll^-p ^15^! c^>cJl ^Ipj f\y j*-*-pl jj ^1 p J j) *./9->tJ ' jjj 
‘dr^ 1 jl*-^-** 4 <j?l jjAaj l_ 5^ ^1 jj 


< Lw^-L*-!l A-i ^_s^> l— ^ ^yj-jt ^Lp l-« 1^1^ 

oi I <:i >^P 0 jSC*-^aa 3 4 A-La-> ! yuJl jJ*\ ,' v* ^ J ~<iJ>zJ3 

jJ L ”*S 4 4 _ouj-«_ 4 J I oL j-vaJi dr 4 Lp j-> 

[^“J ^ »> JUaJl ^Lj^iiL 4>^i-*jL<>Ji <u_^jj_<J! iwjiSvJli .L aa 

4-15 ^5 ^Lcv->-l ^ ^1 4 C->5jJj3 ^^5 ^ J-J 2 . Jl jl 4 _s^2>3 

/t-j . d-J i ( ^^2 jLa/ 2_>- ol> J_JI ^<ajLv<aj>“ ^S^Su 

* Y , 

*^LpL_s<aJJ Lij j j\ 4j^Jil5l oJjt < ^wj*u j^JL^vo^ d-Aj>c_Jl j-y^ 

OW 5 J-Jl jl j+& ‘4—S jJUil L^_sLL^>N LojLa^I OjO (^5^1 Aj_vi2_i<>jl 
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J « U ji La 4-A-P J-5 * j^aJJ 

t Oj-i!i I J-A ol->j y>-\ j (Planck) Jb ^Lp 

*LS" j>- ' yS' qjL«-P p- y«aJ 1 (jl ^_lkj j Ju pLjJ^jtjl k^JlS” OoLS” 

^^3 J^_*_;3S p ^3 I Lg_wuL^i| -i_>sj o wL&j 4 ‘Lws^^j-P ^1 J_al 

L-vsLkJl <.(Fresnel) JJj^ij (Young) ^Jj-j oLjLlS' 

4j^.k.'...i I . J-Cjs i) ^Jt)i ^3 C->Lj^m2-JL> 

. ^ — -* — 1 ■* ,(? - 1 1 ^ — 1 — * — j p. — ww_o~ ! 1 ^ l_o^_4j 1 p j . 1 1 ^ 1 ^ 1 1 ; 1 , 

jJl j_pj jV-!l_*J! i iLk LJ _r^j jLLp j^LJl tj j-2Jt (J^L?x3 

jl jjlp JkxJt IwLgJ ( Opticks ) oL^iJl jlj 2 ^ 

-jljJi 4 s-L^jl f-Lijp ~L >- j J3 j .iLoL d^Lw~~w^ ,*pt- a^jLp ?■ ^/s}\ 
(_^jJ p ^ji)l 4 j-Yj ^£UJl -kLv^Jl ^9 ^ g <1 j Aj>t^> ^ip J-JuJl 

ijjJaJl f-Lo-Lc- 4_1_*3 J jU*j Li j_a j c 4-U,.^ ll ^L^-NL L^-al Jjja.ygl 

! (1) Jj 1 jVl k^J! 

t «LjLj j^yLSl C->L ol^JcpIjj ^3 Cj'j/ o J_& (jl 

i^\ jr 4 <J>-^Jl ‘lXas* oj^j <• ^u^i-P °U>> 

j^JUJL ^LkJl j}J a..s. ) l Jj2_o-jJl 4 -jLlw o j Jl 

(jLS" ia-ojJl jJb |j_A ^jJXj j^-J C (JU>- JlS ^.Lpj . I 

.bwo^j ^jJl ^jLJI Jj>-^j ^ 0^ (J w ^ :: ’ ® jdiiJl 

j-%-j o 'V ^ j+s+S* ^—i L^w-1 1 Aj l i>^ **J 1 , Lo«3 1 

I« ** 

^P L/3 j&J •$■ j ) .-, r? . j l 4 »**wpL j Jj_P L« ^ 0 J" 3 ^ 

4_^p 3-)_P l]LwA 0)^" t dLL 

j,k,..4ji j (Epicurus) jjAoi ajL»“>UJ 1 4^'L^ki ^ jl 9yS SJuj^Jl 


Joseph Priestley. The History and Present Stale of Discoveries : j la il (1) 

Relating to Vision. Light, and Colours (London: [Printed for J. Johnson], 1772), 
pp. 385-390. 
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oLp j^^JI (_$ JuLi . (Plato) j j (Aristotle) 

Si jl (Ju j l 4 _J^Lo ^LwJ>- 1 jJLs/2-i CjLoww^~>- ojl C- (- 

^j~-> Lo *h..*A jj\ ^2 jj>- 1 4^- 

^-0 u^* 5 f' J -,s? 1 1 jJ>-l 4_p^*J>c_sl C^w>" L-JS J 

0*AjuL*jj oLi jJ 0>-L>-j t ijjji ^Jl isLsij^bj t .^aJl jj.W? 

Jib ^j_^5 <UwUJ j-o JS” 0> wL- w La^I J_3 J J-y2 -Jl J ^J>- (_£ 

J5 ^A5*l U5 4 ^j- 4 ^ ^^jl-U>-Jl 

[13] Li ^^Jl Aj J^-H ^-^\J>- 4_P^^«->^-<> Jl ^Jp ^g-*- 4 

oIj^Ljl* 4_jLl<^ 4_>-j ^J~p L-g-^ j {jr° 4-v^L>=-^ l,g ij Ji-j 

Lg_*_a J^L*~xJ| <_£ JJL$ 4 (_£ jJ>-SM C->IJ-AL^oJ| La I .4 __o_*_j.M j_ 3 
. L*-^ ^_> ^Sl Oj>*j ^3 ^JLsu SjjL O-li? J)l 4 4 jL-P 


olalg_J IgiS" oIa cL-oJi c J»-l j*° 

Lg^_o ^ill ‘w^-JLaj v ^1j jJiJlj C-Jj ^.ygjJl 4-P ^-<>J>c_4 ^3 d— L>0 4-^-g-a 

<JL ^JJl 4 A*j\^y*a]\ c^L j-s^2-JJ j*_*_ol jj (Jjl ^ JLo! 

£ !> ^ * 

j J-P 4 Jt*Jl JjJj>tlj J (1)1-3 |jj . Lj JjJL L oJaH wQ ^-3 

4 Lpjj-J jSS\ Ij_jL^ J^-iJJl 4 4_-d_ijL>c_^_l 1 ©JL& v2_p! J^NI 

JL>- J ^j^-s .^JijJu>Jl *^gjLil>- Jl dUi ^p *^L^3 

cjIj J l ^_Lp 4^j>'Lj ^1 d)i-3 4 <«LLo .^-Lo-Lp Ij_»15 

4 ^ x j jLaao 4_3 t ^jj (_j^ OLS^ 4 _^jL> J- 02 JI 

(1)^ 4 ^^wowLp ol-^-^Jl dX-ta ( ^ 5 _3 I (j i^j-A Jl—* 

oLj>v^-Jl J-p ^3 4 — jL? <j\ o^j . J-*Jl ^ j-^^ 3 0j^ jt-g-Lo-p 

AjL3 4 ^ I I ‘UoLaX' <P N d)l ojjjJL>-) 4-oU^JlJl 


Vasco Ronchi, Histoire de la hnniere , tradmt par Juliette Taton : J la Ji (2) 

(Paris: [s. n.], 1956), chaps, i-iv. 
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Cs°j fbj ^Jlp ^1 l^Ia^i>.4 Uj>o 

SlXj^oJ) 0jL^Aj>-! ^L»*£? C Jtil-i aJ-*j!j^ 

^ ^ s» 

^-fel^JaJi ^1 ^c-aLLo-jI < ^' dJJ^ j 4 Lwmj i jj>- 

J-k ,Jj O.* ^ obj^Ji ^ js ^Ap 

<* 

L^- j-c o^>cJo <— ji^Jl ^j>-Ia 3I jl ^ j>eJ! d)lS i j-ljJi oS_& 

jtJj .*! j^J! ^.Lp 4-*^ «lg 31 (^5 ^*^jlJ-<>J! ^Lv^-pI 4-wLp! 

fr s- ** 

4j| LoA t U>>LI ^ ^yi ^Jip Lj j£- ia^jJl lilta 

p 

£-« 4 AiSd <U»_g_aJ( cJUHS”Ni jJSsijii Ly2jLu^> .j-Sd jtJ 

y^U^-ya-di ^d«*d 0 i— S" ^JJl j jf .! a . ~ jl ,\s. - > ) ^ y^ ^a /^Jn-j ^d 4 
(_£j3-'iM <U^JaJl jl*Jl ■ciJ'! ^jJlj 4 j_j ^JUJi ^j-^J Jju iubj^iiS 

•fj^' 


(j jjdi djNi * LvflJl ^^2 4 ,^jIj j^£dl 4^0*wdl ^jjLj ^»JJb j 

^ #* p ^ ^ 

j^Jaj J^j^Js 1 (j^ J-vSji JAdlj U j jAAJ lw»i^»Xa 4 jjLS- ( j-aldl 

^Sj .LyjJlp J j«JLo p-GA^d Sj j-^z}\ 4 (jl J~2 jt-i-»Jl 

e-L J_£>\jl 4yfc^J=> ^yf- oJjJyP *L>' o^ Jie AjwOjJl 0 j1jl}\ tiLLj (j j-yj-P 

“t-jLi r^S i jjLsxJ \jjj>-\ ^JUl <>L<iJ_*Jl 2 J_p L^jj-HJ UoJ_*_> oj_&L) 

^Jj_p!jj ij 4 Gray ^iypj 4 (Hauksbee) (J _ ; _~_Sj_a J_L» 4 
(jj_-Jsljj 4 (Nollett) cJ jjj 4 (Du Fay) ^li v o j 4 (Desaguliers) 
0-*lj ^ yr? J 4jlyL5" ^ •clH J 4 4 (Watson) 

- 4 ,^.-^ 1-^3 J ^..^Xj l 

<ljjy>z m *}\ ^jS cauls' ^yjl AjL^wLiiL! c /_^ j" 5 ’ - ^ 

oUjySOs ^p s jLp oils' L^lS” l^Jl tcSU^ ^J[ ljI^j ,S]lJjT 

t j-a 4 OjLaJlws 4^jLjJaj (_gl 4 4^vJ«ilj y^LjJaJ 

& 

4_<lL*jl«JI ol j^^-asJ\j oljL^rJl Ljj_>- c->jJ_?-j 4o1j-&L^w»J1j 

oi ^ j»-p jib .4jU4>tdt ^ L^x>JLst« cijy>- otASw^i-) 
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^Lp I I g .t J_iXXaJl ^..la.,^0 (jlj l f-Li J_g-£v Jl ^5 015 (_PjL>txJl 

Lf^2-*-o L^IsILp jjb»tXj (1)1 *Vl <. yfuyil JLk^-1 

} 3 \j^\ il j3 1 yj AjUxJI iii'Ap ( _yi*Jl 


CX*_ol ^pJl co^Swdl oLjJaJl oI_Pj_oA>il-o ^Xp OXp J us j 
^jL j^SUl c— ■ ol>xll ^ i (. ^JLp £jLJI l) plj! 

/jXXj l—i ^_g_SUl ( j^j_«_j ^_ ftl la ll (j_i ( j_P e-L) j_^_SsJl xJ J~>J 

Lgj 1 ( _jJ1p ^L yg-S'Jl xUxJl o jjklia J_aL*xJl ^Jj cJU j .^jAX^L^Vl 

If)! V^S c ^Sv_o LSL yjJ I ■ilXj')/! ^j_o La (j-P ‘LoUj-Li <L>j_iL) o ^_*Us> 

a^jSslis clw>tJlj ^JLsLuJi c nSL^js oXo JjisLJj t ot>-jl 

x*xJ il^iLxxSl (Gray) ^\ j-p jJUJJ p ^pJl t yL J 4 iUl J-w^jdl 
(|»„^.«<«d i l ( _ ? Lp Opti-Ll La IX&j) «(jj-LL j^. S')) LJLXj .4jjL>*j 

( j-xJ jl ^j-xjL ( j~3 LL=> xtxJl j i oL>xJl 1 Jji j — p 


Duane Emerson Roller and Duane H. D. Roller, The Development : Ja5 I (3) 
of the Concept of Electric Charge; Electricity from the Greeks to Coulomb, Harvard 
Case Histories in Experimental Science; Case 8 (Cambridge, MA; [Harvard 
University Press], 1954), and I, Bernard Cohen, Franklin and Newton; an Inquiry 
into Speculative Newtonian Experimental Science and Franklin’s Work in Electricity 
as an Example Thereof, Memoirs of the American Philosophical Society; v. 43 
(Philadelphia: [American Philosophical Society], 1956); chaps, vii-xii. 

i jj-C-ri yxCL ) ULal Ll t ^ys LJUJl o yes . Jl y ^JX>X! 

JS\ eJu# j Jli-al p U ydi jl la." >1 y j (John L. Heilbron) u jjXj* • J O yr <5-LXd 
Thomas S. Kuhn, «The : y> (Franklin) yXSLI y j y^o ye- L *_- y j aSs 

Function of Dogma in Scientific Research,)) Paper Presented at: Scientific Change; 
Historical Studies in the Intellectual, Social, and Technical Conditions for Scientific 
Discovery and Technical Invention, from Antiquity to the present. Symposium on the 
History of Science, Oxford, 9-15 July 1961, Edited by A. C. Crombie (London: 
Heinemann Educational Books, [n. d.]). 
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a-L» OjLS’j) .idDJU LiJs j ■> ( "i i jlkj I jJjjii 4 at JiS- 

4>^'_/ 0\ Jp- _ S_)jL oj 4 LoAp e 4P 

C^U->c_J» 0 ^Lj>O ,j-J <J^LcaJ| jjLuJl o ^ i2 ‘^ a * a 

CjL> y*-*& OujjJalll ip o J_A Ji j .(aJL-j A-oLj^-S' 

col ^kljiU £-jAL> JjS/l 4P oL j-*-v^ 

dj jUMI JJJu .^L ^SGI ^xJl jlil ^Liii-woL) 

,jrP 0 jLp f'Lij-^^Ji oi J jj-A Jl ^J j O-H-o-9 4 LiJJaJwo aaJIj ap ^-x>_>c_^-1 

^a ((IjLLjD ( j_~Jj j^i ^3 J(3.XZ> <j( ‘CPoo ((JjL-u# 

t LAjjAj 4 ift^_«P>t_<jJ 1 aj_* ^1-ft cS^ 1 ’ 1 “Lij . 4_L*£>^a jyS' ^L*vwP-l ( j-P 

pJj .jibjJlj ^oPcd! ol jA Ua ^j-a i-Lf-j LgJu^jij ( j-u Jj-S jlil jlSLal 
‘tiL»- _A ^»— 5'w*J\ J_«-P j7A->- ^j-a N) Sjili AjjJaj j g Ja j [15] 

JwwfJ 4 j—iJ 4 4_jb ^PJ! jib'll oJl®. (jP*^ 4 * j-^>L~a 

.‘UUu'y ij jt_XJ.il lijJ*a (jjPj H^j^-jL ( j^ Jp-^ 


^jlll t jiLsJ J oLwiLjJl JJLa 4 AJ *y jjL>- I La lilj 

a^jjl L_LxJ lil_j 4 ^ujjLxJl ju_3 La ^j| ioLl!l LgjLaJtjil jV ij-*-> 

J-3 C^jLS” (J ^JL>- 4 Ajj_<_>cjS c-Lwo-PvJl Jj_a 4 (_£ jS*-\ (J jJL>i_) <U^jjj 

ft ft 

jwUi^-vi 4 1 ^j>5^2j oLs^U/ap^-l twi J I j oLpIj ^Js3 oLJio 

. A_*J>o jUl o^A_pl L^JP lli-o->-l 4 — 

4 ^P -o— ^ ^ cJ 1 ^-3 I v — $ ^ 


4 oULJl Jj>I dJ_>wLa AoxJjU a\j>- jJi 4 4 <C k *^>l j-) 4 J 

ft ^ ^ ^ 

^jLj t ( /jJPj! ^ I 4 *>lia) O^j ^-v2J jLl^T-a j^-^L LL^J*- 1^ 

4 oLl-aLl 4_5^‘ ^ -VS 4_LL<w 3 4 -wi.uLP C^l3t)L>" iiL^A o^f l£j\- 

^aj-wiwj-jl , lwv 3 05 L-J| Jujl j_^Jij 4 J..la-.J*J ! (J -^- 3 4 -S" ^->aJl 

J-i aL-*_PJlj 4 (Black) ii^L J_i ojl y > Jl ^ij^j 4 (Archimedes) 
0 LP AAjjUJI Lj>- jl j->Ji \ j 4 (Boerhaave) (Boyle) Jjjj 
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- v >Uu £ - L^-- p p j . (Hutton) j jjj* 

pSI a^jUj>- LL<JLp L^_> ^iJI ^p PVl c->L$-*_>3l j_Jl oJlj L^ 

I p L p ^3 ^L-vjj l ^p (J ^>~ L>“_j ^Ja^o (Jl^wJl pW jJJ-LS^ 4 La 

PJ JJj jJaJl jl 6 pLs LJ ^AJL> ^-jjLJIj .U^Ua! olxpol jj CA— .^.SJ 

.(jL-oJl I* — 4 vjj ^>c-Jl 4_1 j^wO (J jj^*- (^1 pi ^3 d->->L>' £p>J>-l ^J~J}S>ILJ 

^3 jj ^xJl c^Lj-^aJl < j LJ ^aJL ^jjLJI o 1 ^£- 

^j->-j j*A-P jl 3 jj>-j j>J-P iJL>- .(J-JjiaJl <j)J3> 

jpaJA 4 JLLaJA>JI pilS pi jA^J jl ^jA 4 JL 3 c L*-*-ol jj 0 j5U 

jJ-AJ V Pp>Jl £jljSpl OU dJJ .<J AL^2]\ 4 p-^ 

4_2 (_£ jJl JaLjjJl ^o «Lj| j^A-aJI (PJ. <— -> pi j-A UaLAo i) j^u jl 
^a_p (JLp- c lLU^ ^p_c- S^Ljjj ,j^_>-t)Lll ^^JwaJI jpaJl 

j-s-P 4j!^L>»^p_A_<>Jl ^j_/0 jo ^j^\£>- ps^*> ^/j-P -^1— > ^PjIJ 

olp-A^Jl <S Ij J-yg->t-jJ £jli jJl £_*_>- 'j 4 4-3 J jJtUt 

j*-> L« *^A_aL^ii ^S-ijJl o j-5Uwj . <J *yj oj—ssL>cJi 

L^-*-aj t 4 j (J j jJsj ; 4^<i ^jj! s_L»LL<J| Jj jJs JP <lJI J yfi jJl 

JJLo 4^jli i_3 J>- yA obtJLw^JI 4-v&J>L*J| oUsl*_J! ^j2-*-) 
jiLvSUoJl J->-l l_ 9 (j^J . Jjj_*-ll I J t CjLaLjjJ jJl 4P-Lw?J 

(__«-aXJISCj J jJlj l 4_Jl (Jj_v^jJl (jUl £SlijJU oJ-AL>cJi 

[16] ApLP j j ^ L ^3 Lj j-^>~ LJLp L^>-^J ^-L^jJl a_^ 3 c L>_va j& 

.SJ-> Jj>- 

AjJ-aJI * jJLi! L jAj^ jlS" ^pL5 pi (j-^ 5 jl £-*j 

cA>L>LlSLJ 4cJj-<Jl ^P_P^ 4 ^j-ujl^ ^1 jp 4 I Aj_LaJ| 

j j-^Lo J 'C-A^JaJI A-j^jUl ioLiJj-oJl jl 4 AaS'j^j j^-oJ! (Pliny) 

^ p p 

^jA LkU>- t^-4^-xS\j u3 c ytjS* ^jLJ! o (_^ (Bacon) 

(^i «• j^>Jl l — ^ y** 3 -^^j j> la.t ^ 

0 j-5Lo oLUlS' uUjLS" (. -Lis . <uL^>Ij>sJ! oL-j^SlI (_A^ /* — L*_J1 
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Sfrj-Lo-a .. . 4 ^Ljjjl j 4 <jj-Uiy 4 sjly>dl ^jp (( <U>cj jLJI B 

olloSLH (Jllj jio -i g a 1 7 >Ls j^k Jl <muSsj j l oL>yi_*_«Jlj 




L^_il 4 J_*_> Lo ^_2 


i_rc 




Li 


(oj^Jl j^LvsaJl twi-lJl <.'jC-a) tj, y^\ t(JaJp>>JL 

. lijAJsl Ajjiaj LgJUol 4 C03jJi j l ^y> Jiaj k_9y~ u 

4 Lj^>- ijy5L> (jl Jy> (_£*)! J-i 'bl <bl Lwj 4 ciXl-i 4iLp>j/L 

U Ulp 4 _Sj J a^oJl ti ^yt-JaJl oli 

frLJjJl 1 g ■ q ^ill Jw^’Lcil 4 ±Uj 4_^j> ^ytil A.J ti a ". II 

«£tJj! j-jD i^OtS jj-4 4_>-lj ^jL jlj .4-a_^_a ^_)yXj jjlwg-° j j_4J>-‘bUl 

4 ./JA Jl LgjIwLprj! Jutj 4-JLi .iljjj! o ^JtiUi J'.i ^J-P ^■“■ 4 ^ j-f-^sJl 

. iLylj J- 4 S ^ 4-^$LjLSw» 0 jjSiliaJl (jJJli 0b>4-> J-43 .Jl>-jJ| ^j-a jj J jAjs 

U ij^U 4 Lw^? j£- L*_*w>- ^Jilij! ^_ol>- ol L*_ij 4 jJLSl J 0 

** p 

aJL>- jli 4 L>jJij 0 JLJ -tjj 11 003 jJ I cLLLoj 

Jl J-® jr 4 ■— -^JJ ( _JLS^ 4 -j L*p j L*i>j jP 4^*«.la.ll ^Jjl jOil (jN 

“tia-oljj jl) (j-^ J0O0 lS j ^~ I ( 

jjt 40jJ->tj oLS' Lo_j . j'yi Lg_iLJI (j-*’ ® j^Ui ( _^ 4s o t(-Li^j! 


Francis Bacon, 77 j<? : j j^L* i~>LS ^j, ;_>l y-JJ ^.....Lll ^jUJ Ua.W£ jjli (4) 
Works of Francis Bacon , Edited by James Spedding, Robert Leslie Ellis and 
Douglas Denon Heath (New York: [n. pb.], 1869), vol. VIII: Novum Organum, 
pp. 179-203. 

Roller and Roller, Ibid., pp. 14, 22, 28 and 43. (5) 

fi-CA j^Aj! Jjo Yj & j j«<2. LjU lyU lOI 4pYS aJuLJl jU^Jl j jP 

.0 

Bacon, Ibid. pp. 235 and 337, ( 6 ) 

j j . fi . «ijUl ^lil yi fS\ -L->w bOL ^ylaJl f-ilt^ : j 

Marshall Clagett, Giovanni Marliani and : ^jaJl .LojAJl Lla^bU.1 0 J 4 J Jjt 11 jLJJ 

Late Medieval Physics (New York: [n. pb.], 1941), chap. iv. 
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4 LajLj <j!wLa OjS 4 *u*_L*j>t_<J I £jli jjl o I 

C->N L>- ^3 ,J.y? >- U5 4 <J J)\ j-> J j-fcbj ^15 J-* 

4 ISL^L^jJI jt-J L p^ 4 4_xjS*Lv<*JI J_jI ^*_Lp (J-*'"'* < u<v-jJ-JL!I ^ j_L*Jl 

d->L> j+&- ^\j 

Jji ' J^Lr-J' ^xj! -L >- jj ^Jl ljj& 

[17] ^y> ^isS * jLp (Jl>- £cjj1j j~-o aj tAj .U jt-^" J _pauJ 

4 ajIs jJ] “liul jXaJl 4j jiiJl (JlJ I jJLjtaJ I 

c->i_LaJL*_oJl jj-o “lLiSCJI iJAJj ( ^ r 5o jv-i .jJjjJlj ^-'-^xJlj f-La^o'^L) 
J jLXa JU-J] oi_& ( Ji^o ^ (_5® 0<wi0 

£jUdl ,j_« LftilwUll Jj *>li _ .} j->c^3* jiSI Jj!s La J_J! 

(_^jLis I^jj_>- jl 4 ji-T j\ 4 4^&!j Li)J-3ljLw«j 

j ytlsj>c~o JL>- j 4 j,_Lp jjjaii ^J-^-l j-<Jl ^ til, *Ai 

«■ ^ 

\ y^-\ j-> 4 ^_£>1 j^-LJl j ^ L>s_^ \ j-wJ 

^Jjl jL5wL) L fciupj ^1 lj_£ljl J»-J 4 t_£-~Jli ■WslicJl 

^ ^ ^ 

0_L>^3 A^jJ-j ^ y gJ>BLJ ^LJl L%A>! j-Aj 4 ^Jut > jJi ^1_P 4^-*-0 

^-j2^->o *y ^ k ^- > i LwJ i <b^u*j ( ^j^° o ^ 4 l*_Lp l& i cJ ^2_>xj i 

. J^S jlwUL>J 

t- * 

,-iA r l ^1 ^ <• jr-f 4 jIjJUjj c ^ (^-*J 

J j-i ^ oL*Jl ^ J^h. L^ j ^-Lp jl w-LL ^Jl wiL^j 


^J-sL2-a-i d— X-S\-aJj 4 J ^ lg- 1 4_4 jL^J| ^taL>-l 

^aU>- jt_^s ^s- Jj_Uui!l ^ 4 4_JL-_aJ\ 1_£ j\jj^sJj 4 <W3 L>Jl 

j j-jL j^SLlS .(_£ j-iilj ^-jt-.,^* 1 1 >jijLa jJjt^Jl 

a^jsiUi L^L>- ix^lj ^UL IjJlSI j 4 ‘AjL * <-Lj^SL]S I j_^-^>- ^JJl 

■its ^3^ ^-L*Jo OjLx^i»a aJL>“ (j ^ojJL> 4 vi 1 

^Jl 4 j_)L^Jlj ^*_a ^Jjliau La-Ls 4 J^<jj04_ajl 
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c ^? l j&\ , llli ^ 

La Jl*J ajLLLI <jl5 _)lg_>- j (.(Leyden) jo_J ly>- 4j*_aoj^>J 

4 4~j! ^_JL p j) 4_wL> j-^" OJ j^2j 4 I IsL->K-0 jLv-iS J^P OjLL 


C_c 




Jl 


clr° Or"' c5^ U^J 


c Lj jJL 4 4_^Lj_^>1!I aJL>e_J 4jIj_j j . 1740 j»Lp JjIjI ^3 

l — j j_*_!i jl_^_j>t_Jl ciJJ^ ^^L_>“ a_>- j_j o _!^JI j-5 

A_)ljU>-> (jLS^ 4-Jj <^3 4j>-L>siJ J .Jwvi2J>- (JjjJl J_*_> 4 ^>- j-oJlj 

^ ^ p 

^>3 ^*-P jJL 4 Lo^ol jJ OolS” A^J ^2J 0 \ ^i-P IpUiJ £CJ>tJ>tJl ^5l 

(8) 

. ^jL j^Pl! -LtLLl ^a <3 J (JP*)! L>tj ^ ^Ju 

^jw2-3l j-1—j jl -L; *V t ^*— *_j3Ij_' jjL-L (jl Lj jJi-i ^SLLs 

JL £-jLL jj! L?-L>ij c^vuJ L^iO j t LgJ au^jlujl (_gji>-j|l 4ijL>jJiJi [18] 
. ji) jj <j j.l j i. 1 1 ^ ^ LJ_*_3 j (. L^>-l ^ jL ^11 


5-P j-a_>c_«J j_ 3 p_*_ol j-j a_aj_3 La jLS" 4 _L*_l La ( _j-3j 

s* 

ip j^j>&^JJ ^jL j-^-^' ajujJ L*J *yjU>-« jj 

I j-ojJL jL <-PjL>&j ^1 ( jj& L j>- j\ ~LjjJ .iiLaJl o^i-vaJl 

ij A^ jL j^S j-^1 y& sJP-3 J g V >x 1 L^j V L— *J>o L -^ J ^ <- 

^ U>J J^S"! aJL*j2j ^>cjI 

(. * k u) 

C_Jti j-‘ i)l t A-^>-U 4 ^iLoJOs dU^ C 

jtoljJl jl j£sZ \ J A-j j-SijjJl ^>/jl J_<Jl (j^° ^3 (Jj->«Jl 

I^jL^ ^LoJjJl iii (j! ^ <• tj£y >- 1 a^j>-U t Ajj_*jj>cJl 

Roller and Roller, Ibid., pp. 51-54. : Ja!>\ (7) 

4 J ^>b^J. 1 La cJ^LlII AjLiII 4j>^pjll ilLi-l c-JlS^j (8) 

Cohen, Franklin and Newton ; an Inquiry into Speculative : J la-Jl t LJL— J.1 c J^_Jj 
AfcH’ta/nVw Experimental Science and Franklin's Work in Electricity as an Example 
Thereof, pp. 491-494 and 531-543. 



d L>P V I jj L LiJ I ^^Lp c 4 j>u_^>i^2J \ ,Jy jiaJ I ^jy-P L> 

<jjL aLiJlaNI j J>c ^j • O-^p^&AJ 

a_p j_^w>&-^ 1 1 4 LgJ5 1 _^_j ij 4^_jL> j-g_SCJ! ^JaJi 

*La<j^ aLlLOa jJ*>\j]& 4_*_)Ll-oj ^Loo*j3 ( v^s ^wjLj_^_$3l 

j^SI iiL ^2 j ^J^ajJJ <U/ sL?- c-M j_*_^ ^ -^jj 4 £--*^1 

(_g J- jI ^^Lp Jw^2j>* Ji (jL? L>-o IjI ^-^ j. 

6j^-v2j a £ >~ yJ* Aj jjajJl £-jLS ^ jl jL^? 1 J_SLaj 

dU-xl taJs (_jj4 ^5 sJI oo^Jl s^LiS’j a_JL*j .aJLp 

Aj ^_Llj ^£jJl ^jLJl (J ^aU-^ A-^Lo-X^-Nl Aj>*^oJj lj_)JpJ ^>LJ^ 

■yA ^j-w^l La2->=JI /j- 4 (3 k ^-vS2_ll J j g lg D . yAj (.Oy£-y ^^ww_j! jJ> 

• (10)(< (_s-^J^ ! <>* s ->>^ 


4j>-jjJl IS 4Lo^-Jl !j-* ^JUI LvajlJl y I 5 J-'-’J 

^ ^ I L^^Lp' L /^_a_o1 2 ^ ,.^ ^aJ 1 ^1 4jLx3l 

_) j-g-is jJj^i L^-^w>cJ ^^-iJl 4-uLPJl ( j-C- 0j_si2jL>c_a Cas^^-a *- 3 , ) (J I 


jO^' <JT^ J-^' ^ Jl ip j^v_>c_^ 4-Jo ^-iol jJ 

4»jLJ Ij j_& ip y^J>i^A j\ } j2> aLqOU Lo (Jj)l ll) y£*> L^JJ-P 4 L> |*-ip 

L* oU 4 JLJI tj** (j-dJcJL<Jl ^2-*-* 4_pIwU>-I ^1p 


1759 ^Lp ^yU .Uli Jj^-1 <Cj yb 4-j j]a J <J j_»3 jl ^ia.?-^^ 1 jj-« -*-> N (9) 

^ y>-j o ^^5^3 aj ^J iJI JlL“ ^jp 4j^J (Robert Symmer) y*-^ ^ yj j 

^j-P SjUp fbj^SUl d->L5 l^j La (J y>- yx^^al^a 0 Jj J_P J-*_> (l)^pbj^5\Jl 

‘4Aj jJaJl obLp-l aLii La JS ^ll lj_A (J y>~ iO*l/3L>tii *d^ , ^''^ wV 3^ '\r > '3 

oj_j*s ij y>- (_^y^_^JLLa I yL) d^-«jL* (jl .^JsLp 4j li r L*_a 1 jL>u_} 1 Lj- Jj>- y 

jjAw y-i yS jl j-Liij AjjL^PI y* y>sJi} 3 y-J ^ 01 1 1 La 0L & j** - > 0 ^JaOjJl 

^Ol jl 51 ^lll LiLieivvl LLo j tOL^jwtii . - . c-l ly: .^1 jl«->j .O^J^L*^ ^ ^ s \jJ_j ^ AjjJiOl 
.554-548 j 546-543 t4^0j j^L^ll 1 jiall ^3 j$j 

Bacon, The Works of Francis Bacon , p. 210. : Ja!>\ (10) 
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4_Lp ,L^>c_)jwL> i)\ j_A ^J-*^2j>tj [19] 

L*L .s c ^j^sJ j *»*_ol j-Jl ^Jl Lgj LA p 1 (J jj>J ^3 l^JLLL*-! 

oLp-j z^ y^ j\ y 4L-*-*-JLxj ^LJI ^1 j-^l ( J-ia-> 


4 ^ a. 1 1 ^*jL>- 4 4 ^-w2j I j_Aj 4 4 l^JJjJ| ^iajJl 

lwLJj>- LL j^J ^v<w2Jo JjJj>cJl ^Jl <j|j . -L*w) La ^3 ^J-^l>5Zo 

^Lp Ljj^LL) '-I J 0 yy j± ^ Z^jLJl £^oj >- j ^JJL>cJ Lol j-s^ Ijj 

j\ 4 ZjJ 4 4^3 j%Jfc La ^3 I j^-oZL^j (1)1 ^ g - ' P 4 4_*^o 

l^iSL^ La UIp j^_>L j>^<2j ^c^jLJlj . ^ y*~\ \ y^^y ^ 

&Lj£> ^c_LL L .4 ^^L>cJ! ^ j-L*JJ <^JULa 4jL^_i C-jlS’ 4 jL-wLa]I jji^a3 
Jj>- ^3 4 *_*j3l jJ Lp ^ aJJ (jl LL^I (JjwL>cJ La (1)^3 4 
^Jl j\ 4j^a ^J| 4_*_*JaJl i j^jJLi -L_£3 *LJu*_-a Lp j-o->c_^ ^j-0 LgJjj>tJ 4 4jta 


4 < — JajLS^ <_£ >1 /^j^Lya ^3 ^vJj) ^ j-L*Jl JLc^ y j .JiVl ^ 5 ^ ^Ui) 

j> ^ 

4»^ LaJL>- 1 4 j>-L>~ ^_9 J_L^ ^JlI! ^ 0 ^-jLflJl^ 4 Lj>- jJ jjjLJl J 


(Prestley) r . .. > ol>- r*->f all) IjLp 7>lXa &L ^^SUl ^jjlJ LJ Hy (1 0 
j-j \ijiJ jiSSl jl? ^jJI (Nollet) oJ y jl jASLl y «_ xSLji (Kelvin) jiK _j 

.^_j Jw—J 1 «^l'..:.;...vL izs-ji A_~il ^Lp* d y ill i— ■ ^s^La ^ ojliJl t _ s 5L_ r ^S’ 

Benjamin Franklin, Memoirs, Parallel Text ed. :^.k .11 t «^_*iLAl 4_JLi5_j ai_-_*JLj' 
(Berkeley: [University of California Press], 1949). pp. 384-386. 

,^il ^J lkJI SJuljjLa ^j-p UjLa^j c-LiL oj 131 jiS'ill o\S j 

tjl .dlLill j^Xp \'yny V Ujj- dlls' (^jjl X..- (j a-1 (.Jlxil J. ; .- 0 lp tjfSXixJi 

0 jXll LajI y >-~* ^lj *^A™— JUj y\^ f-L^-SUL ^?L4“1 ^L-Ji ^ y^>*l\ aUJUlL J 

: ^ (Charles) jJjlXJ 4-Xsll jjJl _uLidl 11* y* j . ^Ip u^iJl J^ijij j-1p j-«Ul 

Charles C. Gillispie: «The Formation of Lamarck’s Evolutionary Theory,» 
Archives Internationales d’Histoire des Sciences (Roma), no. 37 (1956), pp. 323- 
338, and «The Encyclopedia and the Jacobin Philosophy of Science: A Study in 
Ideas and Consequences, » in: Marshall Clagett. ed., Critical Problems in the 
History of Science; Proceedings (Madison, Wis: [University of Wisconsin Press], 
1959), pp. 255-289. 
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>-! cJ^-5v-> t(4_^>-jLi>- 

6 3 l_C- U^-o 4 |V* wL*_xJ I £-1^ ^3 4_-^3 L>. Aj L>^o y A-Ls ^ 4 L,^>- 1 

^J-i'V I ^1 p cJL>«Jl oJla OolS”^ .13 ^-*-oljj ^-oj>t^Jl ^iLL 

33.-Q..1.U j jJ 2J (J^l Zj*-> L« Ow\JL(VoJl 0 jlolil ^3 4 £L^2JJ (1) J$ Jjw4 

p z* 

oj j_>j Lo.LLp !_\j>- 

.Igj 4^s>U>- 0 j-^“ 0 ^gj>d\ oI^Xajj j 

• A_«l j-V’ 4-_^Jw*Jl ks- ^-o-Px^Jl jJ»-l /^jLu 4 _o_j 

<JL-S>I C j>-'l>«_> J J_*_I *)J t aJw_«j j 9^9 jlJlp (*~^”^ l*J-L*3 

* f * 

1 jj^j JjNl ^5^L<JL Ij^L t JjA> /y j <Lo>p Jjb- c-Lj 

4 ~i$CJl ^-1 u U-*Jl v-iU-ii .aJI^-o! j j *& *> J^S\J aJ L>**jlwa> I 

^jL*JI 4 ^^>1 j3 v — >1x5* 3^->- (JiL>- ^3 4 JI . A-^ljjJl 

j Jg l. i l ^3 0 j^2j>&jj 0 ^So ji 4 c-^llS\Jl AjL^_> Al>cJ IwLo jl 

. AlP j_oJ>t^o ^ -^ .) ^xil^ Lv2 y^S'j A3 3 jj^^l! Aw*^-Jajl j^l ^JgJl ^>-i J-> 

L 0 J 3 (J) ^igj j-*-*-*JL Al>tj C^'uLo l3_o 4 aL<^ ^3 La Lo-3_^ 

^^<>-_>c-iJ Aj>t_^i>! ^ cloLS" 0 jjw^S/ i aJl>J-_>cJI L^jLl. jl 4 I— j-lg- 1 

4., *»<»S* ^3 4 a^jJl 4 1 J jJ^~ U5 4 Aj I ^ y*~-^ ^ yL>“* 4_^>l3_^ 

c-^Li-S' J^ 4 t j_^oJl JJL>cj| o^Lowi ^LoJlaI oL-^j| (_$l <-JgL>c-) 

jl 4 ^L» j-g«53l ■ aJI^1s> ^ JJI ^-J-Sol j3 

> ^ ^ 

ui j~* (.Lilli Lj> y> j J^»l : jljoJl ji (Darwin) 

c^_*wb»-j e-VujJl l Jsl>ii a oN LiLa ojj_va» 

(Jj-A-j* - ^Jl j>_^j I I j ^> I j»_*jil jJi <9 j^SjLi^oJl ^>1 ^i"^l (_£l 

•(^1 Jbj^’ S,1 L^ ij^- 

[^^J IjlSol J l 4 -woJJ.A» 4 OiLc- ^ L. - " ^ 0 L ^ 

^JJl jJbJlj .A^waJ-*Jl 3l — >tii ^y> (_5 j->-1 j\ *U^i>D <L?-l ( j^i> j^SL ^. J 

f- ^ 4 - 

O-AA-vi Jj <U jl j 1 Uli- L_JI5lJI jjijj t_i!jJ 
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aJLiL^J! ^ 'yt Jj -Ls Lfj j5 jjSJ 

Uj-^j <-L~p>- t f j_L*Jl i — aJ-lp-c-o j jJ2-> ^J_>-!j_o jj-* j-Jl _> j-^JaJ 

M ^Jl 43*^L*Ji L^_up ^a ( _ s i^*JI jIavj^L 4_s*)\p ^1p IjjU>- ' ;lxS\Jl 

( JaJaS J jJL>Jl jJJj .(_£ji-l «Up|ju| J jji>- Lg-> Wd-T^o Jl^j 

< t_£j jl iilJLoJS (.vpLiSsJI (Jl«_*jl-«/1 4... a. s .u*a (Jljj *y 

O— >c_j oSj-L-La j— P 4.-1,^ .J i Jg^.laA- Q...1 k? i j-> jJjJ ojL-^ 

^jUij os-1 jj ^jp ^J-ILdl JaL> jl (_^iL*Jl jL«j^l j^5v<kj 

ijiliilj olwjLjJi ^JLp ^ L«lj .aJL^I ^j-jLaLxJt 

^jA 4a j-g-d-s 0 jJxJ jl j^p t ^-LaJI Jja j t jjjLaJ C-J33 jj -Las 

J- 42 P- lsLoLjjJi ^ tjjJds’j .oijx i-p isUj jj~*-oL-vA j-s 
LsLp L«_£3 l (t-Jj t ( _ ? Ia_-sjJ1 jj_pajJ| j^ljl j_jS J-jL«_« 

Jj>tA -L-L>- Jp- Lo-Lp j-~p ^-)i— Jl j jJsJl JjIjI 

<-^£.LLj!j . j J.-A.,. nji ijJJj ^S C— >s-Ji JuJs jl5 (_£-ij! ,*-*_ol j-J I 
U5 c ^Jlp jAliJl j ^Jij i 4 jI^-> J-~s ^sUJI jLvj*yJ ^5 j j-^Jl c— >=— H 
^aja-xJi l^.l .../iaxj -L*j pJ s-LJ—aJI p_i_*_5 (jj jis-Nl J jJi>cJl ^-laj*A jl 

4> 

c^-La/ ? ,>- . jJls' ^oLJi l) jJLl^ [21] 

LjLp- j . a^j >- jj j-Jl ^ j-L*JI ^L*dl l _ 5 ^ l _^ A-g_)Li^> il jj-*-* 

V 1 ^ ^jJL J . <U»pL^-l>-'y I ^ jJUJI 

jJUJl 0 j^i! £p^jj L-i ^JUI j 

4-iVL*Jl ^Jl oLjLi^i j-ii t ii ^>1 

.4-Jis-ijJl CjLJIj S ^J-O •A^ojLill ij 


C j-pj^ (1)1 U 3 Jws^Li2jl wL>«Jl 4 1 Aaj UJl>-I j 

qJj^ ooLS* UJ^j L5 > Vt jUl Lo 

(jl ^Lp jl I J -^- 1 
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jtJ ySU -L> dl5" yJl A-kJai-cJi ycLsU-o lyd-<w2j -ti j ^So 

Ujly L&^ljyjosi olS* Nj c L->t_j jL> L>-jwAj J jJi>Jl cilL ^S\_> 

^ oLS" Jyh .LgJa. -*-* 1 U? <_s^' <_y ^1^-)/! jjJalJJ 

(1) jJiJl jV 5 ‘LxjjVI .SyjjUl (JbU*- e-U yP I yUJl iijy*- 


o IS” Lo-a a— sU ^_^_5'L]l ^yst j . . U . i ' yp ols ^-d-p yxsldi^ 

(j ^-iil i..-a,«,< g ,.i <j J-A/S-C- !_^J •_y~- £ ' ^y-il—Jl 0 j-i-ll ^ — g_5*>V_^>l (_£j J 
Jt 4— a-xJaJi j_S.ljiaJi /y o-Li-b>- ^lyl O-S— ^1 i 1 740 ^»Ip *>U> /jjjJ! 
yJl «-U j-g.Slll yp cjUIiSsJI o-L>cj( -Lis dlls, yL*_x ^dl jJ 

.yi-L-L^sUr /j ^ 1 2 5 i j j . iJi j-^?~')l I d— LxJl ^.s L^_*__d>j 


^-1 jJ ^j-a j i (Volta) LJ jJ j (Coulomb) i_~a jJ yS j (Cavendish) 

OUT j t ylSUl y cs^J (Du Fay) yli jij <j \y> oLLd yp «. i^_y 

$\J\ cJ yydxSCJl f-NjA C->LUS .sIaIiI ( \a I UsoUllI 

^ 12^ 

Us O-Sj ^yj • jJ^s- ^j-*>.si— vJl UjdJi oLUff yp j-d-p jylUl j jiS\ 
( _ £ 1p yjjli iii y dj^j tUjdU^SC!l jUy3 t 1780 j 1740 ^ylp y-> 
yAji> ^J) I y*J-Lj| jj— >cjl diis -LLssj . yg-Lo-P /JUL>- xU L~jJI 
C 0-L)ljJLa o jy^sjj C 1 ^J->c*-x ys ^y°3 ^ L ^ y^S- J 4_oUa J^S I w^hUSUd-o 

t j a~^4 ‘yy 1 «_d! ^LLs <y yf^Uj 

[22] jJ jld Us ip ^_<>->c-<>_S" jJj . y-«-UcLoJ! jt- 1L*J “ly- ya 


0 jJ LSs 4— /L — . >~ i y> 4-it. , la.p 0-L) j 4 -. V ..,L..CjI -jSJ i fl -L*J Lx L— ’I j jj.lz..Zj) ^La — j 02} 

a j*LLL] j j ^ j L. Lxa^-x-C- 4.5 ^.j ^i I 4 J->x_sLjI . ,— 1—5 — LsL — L-J x 0 a 4 — jLj —^7 4J L>x— Lj 

-4jdt—Jl xL^yoi a yj ' 4 ..g’jJlj a y^- 1 I y ^dj ^ yj^oj L^I5*>LhJj 

Roller and Roller, The Development of the Concept of Electric Charge: ' j L il 

Electricity from the Greeks to Coulomb, pp. 66-81; W. C. Walker, «The Detection 
and Estimation of Electric Charges in the Eighteenth Century,» Annals of Science 
(Philadelphia), vol. 1 (1936), and Edmund Hoppe, Geschichte tier elektrizitat 
(Leipzig: [J. A. Barth], 1884). part I, chaps, iii-iv. 
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c J i j v ^wAjiil o ^-Ss-LaJl aJ_*^l>“ 

L>-jJ j^>Jl j t jJLp ^jLJl u ji3i j>-!j! A^^JaJ! oUj-/2Ji ^*_Lpj 
Ijjli (_$1 . jts- j jiJl JjI j\ 

jIS"JJwjI oJjli *y ^Jj .L^XAjj ap ct->L >o*y 0 _^Snj jl 4 _ ? 1 p- 

( j-p t jjj t j jLaa ^v 0 <1)L5^-! 
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Ill 




c L/?L/2i^l j a*_Jp La tlil 

Jjloj ^Ju^ljJl ol5 blj jJ e-LoJ_*Jl ( j_a 4_p ^LL j 

Lf5 jjo ^.bl ^ c^^LS\_Jl<>JI ^js> Lo- 3 tS j-b*-Vt o j-<JJ 

j-L*- LgJ , -b Tj uii_bJ ^_*_oi j^\ dlb 

^>*1 jjJt { j-a 4_*_>-Lj (1)1 oNl bJg->cJ La bl U-L>Jl J_i5 1 4_ll_Lwu'y 1 £>J_& 

aJL>_*_L^I ^£3 .JJ_*/ 2 _a Jbblo il)Nl L^S 0-La-*JLva I 

ei-LL Jj5^ 4 ^ la * 1 1 ^ ^1 ®(jLLoJi^ i _j^ c -Uaj c j»jLaJl 

J^4^Lx)I o \ ( j^o t 8 ! “W-Li jiS^Aa Lilj t oLl*^o 4_^>-ijJl 

^JJl j! JwvJLs J_*j jl j j^r ^%5-J .d-* ■uJLs' 

-uJlS'j E((JljLo^ 4^15^ jL^-I 

t ‘LjwJ^AJl 4_*JJl j_pI ji ^ki ^—Ajj^J <uJ_«_p ^ ojJLJl 

t(amo, amas, amat) i_p j-*.^ Jl aJus> tJUuJ! Ju~_^ 

Z’Xt' l_ijj JJ*P ^JLo-^IaxI I«_-P*s-! (_£ JJI JsLojJI ^43 J *. J L^->*y t *_*_>,il jJ 

^ p p 

(laudo, laudas, ^LJI ^ tMi-a ^1 l^Si JL*J1 j^S 
^L-^Jl ajLIs jj |> jaj |j_a . laudat) 
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Ls.Ua J_>=j l^Pa ( J-i AliaN .'- ^ i ■ ■ ' -lJ 1 

1^3 ^C- J . £-L-JPou*^Aj ^lili p-l*Jl O ^Sl> la-li t JjUtaJi ^9 /pJ 

^3 <_wi_P ajlil I C^oo ^jL*23 j! ^ 3 ^ O w3 cdlJi ^jS' 

J ojj^t o->tj’ c cjI ^-- ajl ^p-LwaJ iola t j>L*Jl o^lSJl 

it. e- 

.ial j +0 JS\ J5 jjPi jt SJbJu>- 

la (. ^>pjl IJlA l _ 5 ^- s " j-aVl lAft Oj^J Ol 1 4-S" (_$ J :^_J*- > J 

(.(Jj'SlI Jj-f- j*_*_>it j^Ll o^-^xJt 4j3jwL>c_aJl iij-Li <jl L_JjP 

l>-l?o ££\ Lg-'Sl L^Uj jA oLkjuiijJl 4 _~pSoj .4133 j AiUaj CP3~ ( j^s 
^JjC-LaJl ^j-a 4 P O-^XjI 4_Lia j 3>- LgjL»3U_a Jyj 

( j~J 3 talj^a /^a t?~L>o JS\ Oj5sj .oil?- lg_> j^Li jl jS^M 

(jl ji 4 4_LSljPa ( J-3 > - i _ ? 3 *>Lalj> L?-Lj>cJ JjJLpxj (jl vji-li t_^-*-A 

?-l_?a-j ol . cjt>L5v ■> Jl ^j_a j . iH iJ_p (_^l ^-9 IjjL L>-L?t-j 

^15 oLL«*?*Jl |>l (.is" jitU j la.QijI JJtpij olS'l C-l jl_o> — /♦—*—> 3 I I 

^J-l-5 I (J I 4 4_ j ^-JJaj L ^_ ) 

J-4->E-iJ J-J j-wv^Us Lg_*_v?J ^3-li oLpLwv^JI j»l 4 4-ujl 

-Xpj c ® J ^ I J j! 0^ - ^5sJl 

^^_l_*Jli J^j- 5 ^ J oLiiLo aILo! ^3 AiLJLxSl ^5vl<o ^L>cjJlj [24j 

43 j_A_^J I j3j (j C jJ I ^JJ 3 ^3 ^ 3 Uj 1 

y>^> ( ^-Lp ^ ^ ../o yK^ ^lll c^i-Lb 

^j-o 4^_j LLs^J \ j|jJL>5 i*Ly l ^y&\j>- 

,4j! 3 4pLvi? aJj^I jjj 4 jJl 

^j*a ^LU»3 0|^ ^ i 0 

4 Aj2-L>tlj ^iJJ^ /^>5 jlwiio iij-Xj 

aJj^j .o-L^J ^ ^ ci^ 5 OjSi^i pS j I c oL<j1 

CpLJ-o-^ .4^3 j^j3-a O ( 1)1 J^lijJl 

4 fljjj Lj>- aJ-Js? aL<»J_*J 1 p-Ja^-^J ^jpL*ijl 
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^4 t i_jl? l j-t' obU.4 ^2 j>iJ Lo lilj , ( _5,iL*Jl ^_L*Ji 

cjL*ob/ D j l>x_o jj_ — o 4jli t ^sosbcoJS j_jbt-oJl ^4 ^1 

o^j4^ ( -j iXl 1 c L ,— o ,A-ob*"jl^ (• Ltb^o ^ ILL— j I j 4 y ,A — ,, ^4, 1 1 i ^ 4 1 ^ ,, —4 — — ^ 1 I 
j_a| jJgJl ,j_o ^I^jS j»_>Jji-! (jpL*J! j»_L*Jl (— 4d_A ^4 J_4 . jv-x-iiljjl 

^Sbo— ) jl ^ttJl ^jAI J) L> . ' I cbbL> jl j_A j , , /4 . > g-j (_£-Ul jl ^J— i L o-X_i-L>- 

ojiLp pLo_L*JI u_4_l^j j/j .li^yllsj (_^ jj j/ (_jjj_w2j| ^4 LgJL>o[ 
aL>=_! ^—-LaL— 2t-o j— j_^-> j-^- 1 .■» ^ 1 1 <. oLjJij f3-u| 

i— 4wLA jl3 C ^liJ.4 ^jS* ^_P j . j^ j->~^1\ L ^4vUj ^^iJl C^Li j-iajJ! 

jA| jiaJl dlb) 4 aL_s 45 ^A ^t»-L*Jl c2— >o-Jl 

.La^4j j! p_xj,i!jJJ 

^-A i (_g.iL*jl ^_L*Jl 0->c_J C4 *y 'i_>t_*_4 .Ll j_— P 0 L— A O— iLS" Lo — ij 

ji jj/l 4— L 4 L- 0 JI J— 4 ^A (_gjj| j-LwoJl_j .1-L>- o jju4 ^JajL 
pJutiljJL LaiJl /jP 4i-iUl j>jJb>J! lLUu' jl jJ- .‘LjjiJ 4-^li bjO^*- 

0— 4 LbSb— tttj I , . y& L^^o ^ ,2 a- oL— jjll v— 4 # I L , I 4 j^a^4 > - * ~ > 1 S' 

1— — il^->- ( j_o i — >b»- 0-Lo-LxJl jv j-Jl ^j-L[ tL — wj 4— /?L>*jl 

.o j — *j b-gJ jh^4A>- j jb-P J [J- «Aa".' 4j(— JaJl 

jiJij t j-piiJl j^a>rJ ijwb»Jl 5 jL— 4 i a— k>zj jr^J- 1 ' ^ LJ! 

IdU- j .ij^LiSL) <o oJjoJUto! (.5-^1 4 ^ L>-Up 

k— -i o 4_w— 1 a A— j L5 c l .j ? Iw— . L — I L p LJUJ I I tX— <> 

[25] Aj^aJl j J^o t^_*_i4ljJl <JjL>-J t 4— Lj C~S j-'l ^^4 

I Lo j i l ^...4 Jj—LoLxJl (Jb O ^r^ 2 - 5 " LoJo4 CJ*>L>LJLo 0_L=- J-4 

j-Ui ^j-o Ujj>- j[j j J4 t iijbis] Laj^jstJ ! 

.pUJI aj jJi c-L'l :tJiS/l ijUbj/l 


Bernard Barber, «Resistance by Scientists to Scientific Discovery, » : j]^>\ (!) 
Science, vol. 134, issue 3479 (September 1961), pp. 596-602. 
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jl (JpUJl Jl La jJLS*l J-J j&\ ^J\Jj 

Cj'^S JLJI I a..'. .S?,~ JjU>-l 0*bll 4 J-JjJ Jp ( j_»^aJ-oJI 4^-P-cJI 

^j~aj .LgJ>- _J J 4 4 ~Jj 0 ^pLdl J-*Ji L$J_a ^Jl 

£aa>- i!L~^ J JaJL lJul j (_£ JaJl JsLlJl 4JLv>^ J>-jI L)i w^aLaoJl 

otA>i_<iJi jj lg.i.yoj ^Jl ol jjfcULoJlj i <jUcx]U (_>1 c ^jU J l 

J£- jLi-Vl ^JtA-aj Jl c-U-UJl JjLj LaJp <Jlj 4-liJl 

A^^laJl i -i\js>- (J . 0 j».^.jL>ol JJl O-Ls^s jj ^Jl ^jLcJI 

jLS’ LaJ » J S jLJ>- C^jJl La J SoJJl ^J aUJUl 4 _«jSj 

olj_*_a aiLL^JU^jJ 4 J; Ja Iji J aU_a-L*Jl ol JjsLjLaJ! ^ l a . « -a 

(J j-m^ jJI i^~ > ~ (^**^* ^ j^Sl 

?U ^ Jl 

4 ^Ajl Jl i sj . ,->c Li 4-OLp 4 (3jl Lo-Sj 4 *La_j 

^y> ' — 1 aJJ-i Ljjlj .^aJUws JSLju Lilj LaJj|.S o^jLjJa d^~J /__y*J 

4-*_Js ^jp 4 «U^>L>- Zjj^Aij 4 >wi-jL $ o «bl jt_*_JjJl (_5«Ul £jIS Jl 
OJj 4 OtASw^Jl J>- jj I ya.il IJJ jsljJ^UaLj .f-LwJaVl 

.£~ujl J-^?jS/l jj-a JjJ ( Jj 4 J>l iijLl JjJj-eJl aUtPxJLvwO j»-*J j-JJ 

La 4_a_^_<Jl Jli JJ C-a|juJj>ialSl 0 -L& O-La-Ji ^j^a CUS J ^ySj 

<LJ-a Jl 4jJjJiJlj 4 J-a y>cS>- J ^ jP*jJl ^/?1 j~a — 4 ^LLa31 ^ 5 ^ ■ 1 <A-J 

_ a-bj^iJl jJj 4 4_^S’S J\Jl j A_jLlLSl 4_i j^S LfrSjjCL**^, (_Jl 

Jl jJul p > 4 JgLA.„>,^>. ,)\ 1 ^J—P l_^_j jJlJj i!^_a— LJ 4_^Pj_J| JljjVl 

iilkilj 4 a^jLlj^-SLJI 44_jLjs'*yi olj-jaj 4 oL^-^-aJl 

4 jL^JlJl ^L>tJ v il Jljjlj Jl _ pL—ai_^SCJ I Jj 4 ( j^va^AJJ Osl^Jl 

4 iO'y^L*_aJl ^t — > 4 L^JLviJ J-a^~ J JJL^x^Jl jLJp 4 IjI_>-j^j 

o~s jp- /jjJJJl (jUaJl j aSjJ! olj ^p-L-vwa o-jISj . J I oU^LlJIj 

p ^ ^ 

4 OjJtiJI Jp 4JjLo^I Uk^a It-j4>- cJ^Ji ji ^jli J diL“ J>s la-^j 

JIL ^Jj-a ^-^a-a42j Jl^" 4 ^ -X-KJ a j^J .0-l*L>Ljl J 
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[26] ye yA j-» jLg->sj| dJJ.3 dL j aLoj ^Lb) i_~iiaJ L*d ti_il_L&Ml 
oJ_£p-l Laj .La_>e_b> LJLa La-P3j l '>L _: Ijja Lxjjj 4_aj^aoJ| 

l f * 1 bA^LL-a^V) 1 Li ^^L aaaLa) 1 ^ I ^ " j Ip j ,-,** 1 ) ^ ^ j£******j I 

j»_^J Jdl lil j^b^Ul <J_Lj j^iJl -L^>J1 ^jp iLbij ^Jl L_& 

a yJl}\ ^3 j ,4_«_£_a ^jLEj ^yt, ‘.-P jjL>wi ^xjl £-jIS jJl (1)1 p *_>^1 ^Ji 

(E. O. ( _ r Jlj_jJ .1 .! (Tycho Brahe) ( _y\ y jiLaLJ y> iJcu_<j! 
y dLL /^Sb ** 4^ ll «. ]j ll p o --• yz^j j ^>*1 i Lawrence) 

t<LJj-. /aJij (. LSaAJ! c_~w~j U_ilj £■ i g‘h.-rC a _L>aL>- (_£ 1 ^Jl 
jJl Jjabb oilp) d*a LajjjJss ^Jl ^cAdaJi (^Jaj jL>ta_j 

. LLd i_3jj^<Jl 

olwUJ^ijJi jJ-o-a^j j l y~^>\ 4jlSCJ ejj ^*_a <■ dsLl <- a. .,f? iiLx-A j 

£_a 5 j-aaL_o LgCCijiJLa ( j_Xa*_; £jLi j-!l dLLi ^\ 4_^_>- j-*JS 4_o«jli jJl 

o ycAA o jbb L Dip LgJ ^a i. L jia.) j^ 5 oJuaJCaaa^JI aj\yy}\ 

y> (J jpu I La jjpj l jJ-J-3 d*j y^> Lad_j . Lg^»_w<>_^> i y *u_»wA v ^ I I 

LjjiJl ot>L5b>idJ! ( _ j 1p ^»*>LSLll ^1 o'^ASddJl ^^Ip ,**>1501 

^jSLaJ ojjjp (jJanlAa t oj^U 4 JL>cjj t iilLA ijb c^^LjJ! j^LuJla ye?\J-t}\ 
C-JyyO li[ 4_s<£>L>o t am^Jail ^a a ^JaL_a Ajjlia 4_^jJp 4 j j,Ja > ijjLLa L^-3 

oj_*s Jda y° yy .J-a3 d" 4 o-^Laa< CUjLS' <Cw?Lj ajj_si 2 _i L^iajJl 

> , yj La>AAWaJ 4_a bj | ^Ca A .*|AA— J 1 a — ) \o ‘ 1 1 Lwwa ^^3 A J ^L? j Aj ^A* 1 Lwab 1 

C 4j ^4 a.aL j . > CaaP b-L’L-aJ! diL ^3 yi>-^ c diJ^ /^a 


a_a 5 ^ ^ 5 dJ Aj ga . i a-j ^1 L ^-& La ^ 4 -a-P isj oAa>- jjl aja^il aJajjj j ( 2 ) 

t_aLalAa! AajLjI jAjaxjJI a jAjiJI Ia-A-aLs ^^5 ^ r a'NI JLalj2Jl j]_a .^- a 2.Jl jj-a a^Qaa 

o b| a_. .,..,. ‘ . J L Aa^jL t LaL»Jl Aaa*aJI aj jlLjl ^j-o aJj! jlSol y Aj“ 

jlj tjla- ^i yj .<l)Vl JalJ-S j_a 3 JljJ \ i j£j> si_Aj a ^jawa-aIjI a j, .,-3 11 aL*j>^jS 

- ! Lj-C>- lajLo Aa3Lm 31 a 3a a i bbAj .LviaL^ ojAi-'^l o^aUsJI oLaaLS 
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LgJLliaj CjJ* OwLJLj j 4j C-jLo ^j 2 j > l.laXj cLolS" Lo LJL*3 

uD) ^jiCo-i oJ_jA>- ^ ! ^jl.W.ill kALta jt .^s ^LckJ! 

jJj . d_*LA-«Jtj l j~*-j cJLA-j ojL^-a-J IcuD" Li_L>tJj a-ULj I ..g. .. - 1 
^j_£- jSL^i j->'jS j-~-> luLoV ^JtJl 4_v?L>tJl oL 

(Atwood) ijjjl 4_llj L |»jj>cjj! ^_L>t j_a ^3 4_jj-L^J| jJg-LaJi oli'jA.iL! 

^iLwO-il I i — >\sS t i — JU ^i-P- Aj jr&j 1 1 J_*_i 1 ^xJl 

'as^3 ^Js' £-J>\ j oIa^j J jt uJJcgj t yf pJUU ( Principia ) 

Ol oLlJ ^jJwv 2 -<Jl (Foucault) jA ji jl_gj>- jJ j_J OjJli 

jJ^cJi jlJucS” j\ t frLoJl ^3 <SS-J^1 ^y> J*S) (■] f- j-sAjI AF-j^ 

oJl a (.(Neutrino) ^ >=r j oAyJ ^wuJl <.4i*>U-*Ji [27] 

^j-Ui aj ^.Ja-«Ji a^>ji jj i jjs j 1 4^?U-Ji Sj^s-'yi 
i*^LL> Ol • 4JL>~ L^>o jJu 4j j]k^\ J Jl < •_> ^JLlj LajJ 


^ y^ cJ jJ! J jJaj ^ jJ j (Mossbauer) jiy-* y> yyU- = 

. TJL^Lu Ji , , ~ ■ o ^ ; Lp d J i_jLi? (_5jJ!_5 ' -k-^LJl i_'l -LJ lu_* ^3 

L. I. Schiff, «A Report on the NASA Conference on Experimental Tests of : ^Jadt 
Theories of Relativity, » Physics Today (New York), vol. 14 (1961), pp. 42-48. 
Abraham Wolf, History of :_JLI i fhsl\ ^kLcid.1 ^j-SLJA! J s- ^TCkbU (3) 

Science, Technology, and Philosophy in the Eighteenth Century, History of Science 
Library, 2 nd ed. rev. by D. McKie (London; [Allen and Unwin], 1952), pp. 103-105. 
Norwood Russell Hanson, Patterns of Discovery; an Inquiry : jfC\ ojjil ill J y>- 
into the Conceptual Foundations of Science (Cambridge. Ma; [Cambridge 
University Press], 1958), pp. 100-102 and 207-208. 

M. L. Foucault, «Methode : fai>\ i^li-l jlgA-l y* iypjdhi f>-\ ^ LI 
generate pour mesurer la vitesse de la lumiere dans l’air et les milieux transparants. 
Vitesses relatives de la lumiere dans Pair et dans l’eau. Projet d’experience sur la 
vitesse de propagation du calorique rayonnant,'> Comptes rendus de V academic des 
sciences (Paris), vol. 30 (1850), pp. 551-560. and C. L. Cowan, Jr., ((Detection of 
the Free Neutrino: A Confirmation, » Science, vol. 124, issue 3212 (1956), pp. 103- 
104. 
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c dr 0 Pjh ls^ (Jh **' ' aJjL^-c-^JI 

y& j%-*-J*^l j-Jli .ijj'il ,y A ^t-*£>j\ j*-*-pl ^yJi LS^ La^Lo-^! 

jv-^-i^l j-Jl aj jJa-> (1) j-^o Lo LJLpj t L^_L>- ^1 ^<Jl aJ^JL<JI wL*_> (_£ jJl 

,4_LSCsXwoJl (w 5^ : ' wOws^2j ^3 4 4 4-1^*-!.^ 

jj ^^xJl cjijL^LvaJI c-olSC! 4 *^AjLa 4 ^\sS o j^> ,y*-$ 

. ^X*-oJl 4^jwLp jj\ aJ| 

4 j, i?..'..w.m > c^I^laLaIwqJI j >jL^jJ| 4^JLj L„g « *& iiC—A j 

CjUIIj j-Aj .^UJl j%~L*Jl ^^3 £jli ^Jl oLULJLj 4(_$^LaJ1pIj 

^Jj>-jj 4 *»ol j-Jl 4 j ApL«-v^ 4 — 3_L^_j j->CwO-)l ^_^~J>rJl ^o_*Jl 

l^-Jl o^LJjNl y^~ lJ j>0 Ao2^<iJ! ,yJ? ,^>~I^j 

4 L^_l_? y, y* a-a^I aJI 4 iLv^Jl lwL& c^-ol J-i j .UL>L>j 

4 C^L_v^IjjJLj <3^LP j^S'VI ^j_L*Jl ^j2-3 . 4_*JjJ2j ^ J..ig >j Ajl^jj 

4.1 * ■— > 1 ^ .^.. 1 1 *-A-J«3_^c7} ^ ^ _1 1 A. P L< */2 , i l l L,^ 3 i~\__& ^ ^ „ •«- 1 1 l— ^ L> ^ 1 1 /? yj 

yy i — ol>dJl ol (_5-^ yy Aa3 4 ^L^iJl 

jjI J5sJ ioU 0 j3 ^A AslwJJ oJj>-j L*_^Lo Jov^4j ( ( j^ yjjs>~j 

y£L<^ 4^>L>tJI aj^SL+L * o ^j-SsJ .Oj^nJI pL^>j^l Jv5” 4 s^UJl 
^jiUxJl c-jLill (JUS (_gl 4^-jiU^d! lJuA jIjJLo 0j3 ^ 

0 ^3 oA_<J o J j Jl>tJ ^Lp Ij^li ljl^>- o! j.^-1 pjjuj j 4^<JL^Jl 
JuJl^iII ^j-S^j '. * — jLiS" j Jl^j jU^Jl 

jJ^- /^lill j jk Jl oLjuJ J$ (Cavendish) J^s^S\S y ^li ^JJl 

^ f* p _- 

4 ^Lolj^jjJl Aj ^ iajJl ^3 L>j5" LjLSCo AjI Lo«j jJ , 0 ->N jL^x^ow 1 ! jj>-l 

^Li 4 io^L>=J! Ood* j»-%3 ^j^wwL>gjJ 6 j J lJ JJ w^ O jJii 
[28] J^c- ^ 4 _Ul«1 ISLaj . < 4 ' l ( j_iJjLJl jy> iJ_P L^J 


< *-^_}j'i oLaj>- 1 ^o (J. H. P[oynting]) ._a ^y>-\ (4) 

= «Gravitation Constant and Mean : ^ 1901 j 1741 Oy^CJ' y-> ^SbU c-yLd L-LJ 



^j^Lp ^j\ i 4_^wX_LjLJI ©J— >-j— ^1 Ju_>L$ « 

.. 51 i*Ji ! j 4 (Joule) J yr c(Avogadro) 

ol5 L© ^j5 'Sj i L5Cw© La«jj_s^ 2_> d)l5 ©Aa ^j_© J^l3 

& p 

^lLSLIAJI SJj>zJ j*-*-Ol jj Ajjiii c)j^ < J^ S ©jlj^-1 USC^O 1^1* ^1 

* 

Jj>- ^j>-j 


Aj A>cJ ^ ip 6 J * /7" « A A \^L> 4pLwsJ AJ b/ ^ L>s-<>J 1 (1)1 jjS* 

4 4 J L~oJ 1 ^^-Lp 4 *— 3 A_^JLc*u A 1 L sA j 1 . 4»aJ^5sJ1 cAo 1 ^_*«J 1 


5ibLp (^aJI (Boyle) l) jjLai • £ '-^<5* >1 ^11 J j-v^ jJl 

<^^L>&5L> ^j^\J>z}>\ (Coulomb) ^J j5 1) ^>li^ 4 jL*J1 J 2 _*_v£> 

,j__>j ©jJ jJLoJl ©ji j->t Jl ^-w) Jaj jj ^xJl (J j->" 4-tal_*_©j 4 ^_jL> J r fr5dl 

N jJj .ujlLs^JI ij_A ^^3 JJ^Aj Lfi5 jLjJIj <L©jLiL<JI 

p ^ > 

cJLij5I j*aAo d)l i$jj j**° 5* j-A L© ^ L)l L>w^lj 0j5o 

4 lg ^1 L^5 _p ^ j 3^Jl (1 )Lj ^o-«u L<» LJLp $\ .©a^5 ^ -°1 ^-3 

^AJL *5 ^cjjbLl (1)1 ^p • l 5 j j* La 0 -^ L^jIJJ uL->L^iL5Ji 

j j *,/? ; ^j5L<o j*_L 3 j-LiA<Jl j5L-Jl 2 _^_l<J1 Ia^5 L>c-£A© j*_pa j L© 
*5l> 0 JJ 2 J jl j^*"l L)L5J L&j j ^aj ,j5s_©l jJj) *^jL>ej 

aAp JjAaj (1)1 ^ J* Jj-P L)L A*3 ( j-wcvJ2j 

. (15LoLl^jjJ-^^I) JJlj-^Jl o j5w» jt_L^J Lfi5 1 iJi jL5L3^fl 


Density of the Earth, » in: Encyclopaedia Britannica , 11 th ed. (Cambridge, MA: [n. = 
pb.], 1910A911), vol. XII, pp. 385-389. 

1 Js P-I^Jl ci^” g«-Uj (5) 

Blaise Pascal, The Physical Treatises of Pascal: The Equilibrium of Liquids : j. Ja_J! 
and the Weight of the Mass of the Air, Translated by I. H. B. and A. G. H. Spiers; 
with an Introduction and Notes by Frederick Barry, Records of Civilization, 

= Sources and Studies; no. XXVIII (New York; [Columbia University Press], 1937). 
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OjJiJl 4jLo C- a jS >c-j JwO-lP i dj5j 

4 <Ldloj-g«S\Jl ^ j-iil I ^li ^jjJl dJ-lJjl Lai) . 4-JaJL) 4_olo jp^-S” 
jJLa c 4_>L^i L«j fj^Aj>zS^u^A 4j_^3 

f, > *» j. 

. jl ^j>c_^wJ^j <uJiLdi 43 *>Ip ^LidS”! ^ UIILla 1 jJLd>-! 

jl ^J-p -doJ^p! t ^_-0k-o2o>JI jl_^o>Jl iib d)l 

SjiJtj .jjJ y >•' *j*r J 5 <J }y, ypy^ 1 J 5 ^' y y- 

- j-S” L^-Lp ^(^>-^1 d-LL J-L^ ^j-o 4JLj>tjJl 

43^)^-P L^o ^_S" ^Jl o 0 ^-aJ \ 0-L&^ 

[29] ^1 J^>cJLo*l Lyg-J >i • LJg->- 0 J3 ^J_>5 4 43 LuwwOkJ Lj 4-ia^«_wO 

^_P 4-wO-Svl! jJzJl * ^-do 4 -o2_a^ ^j_P j-> JJLq-? (JjJ>- 

<1) ^jLaJIj (1)1 £-31 jJlj • 4 -P-L-v^ 

^JjwO d! {^^ > ~ ^ ^yO o yy> 4j>-^3 uP (*l_/0 IS” 

4 4^>il_o>t_v^ Oj^_o2oj 4 L^-LwO-Pto 4 ^-JwJLp JJ-4^ 4^^-oI^-aJI d-LL> 

o_3-L^j jL^T j^-w<»wv2J ^j-0 Jw_3 d-U^J 4 jt-_*_ol j-Jl ( j-» O j-*-f 

(7 ) 

. ^-j ^>tjJl i_4>Jj-L>tj 


I_La_j .j*_*j^IjJ ic-L^v® Aijjk <b j^oll cJU ^jj iiLl* c\ 

. £ A w ^/p\^~ Oj ^ ,/2 I I Jo t twSi-Wi I ol jj . *i ^ ‘ ^ _^l A.«-»i*(-J ^ 


iy ?4i 1 >0» (Torricelli) JOjj_jj‘ oJ ( J-^')fl J1 >j)/I 

j_^_iJLiil ^.2 ^jj— *Jl a jj la 7 ~Lij .* — Li.CJ 1 1J_a 275 - 274 , « «•! j_^ li 

.yyn ucl-jJ\ 

Duane Emerson Roller and Duane H, D. Roller, The Development of the (6) 
Concept of Electric Charge; Electricity from the Greeks to Coulomb, Harvard Case 
Histories in Experimental Science; Case 8 (Cambridge, MA: [Harvard University 
Press], 1954), pp. 66-80. 

Thomas S. Kuhn, «The Function of Measurement ; f^E>\ tiiriot ojjl 1S1 (7) 
in Modern Physical Science, » Isis (Chicago), vol. 52 (1961), pp. 161-193. 
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J^aL^jL 4 La jZS I f j-L*Jlj 4j-ajJl Ol jXaJl ijllj 

(J-~Jaj 6 jiL La Litpj .4-*,.„,laJl ^UajJ ^C-a-SLIt j/ <Loa_J>jl ^>-1 jjJl 
4_P L-v2-aLp j-A| j ) Ij l l ^_a aA>-!^ «LP ^v-A-o! 

(■\j>-\ /^_a Jj jj jjJJwPj .^JjVl jp^a_>s_a-J L> 4jijl_*jl 4jj_iJ /_£ jJ>-1 

^LvIaNI BjsJaIa ^JlC- jt-*apl j-Jt j .,i,lg i djIjLj*- Ja>-I j\-Ji>-')l t_ ’ jLau 

AjjI jJ*Jl Aj^JaJl oltf ,.]a7 C~ its” 4 (jLlaJl .aAjJ_>jl 

ojl jj>Jl (j-^LJ .<LlL>sJl j-*xj j ^j^Jl 4 Jj ^L f- 

ajs_~«l J_) 4 *>LLa _ <_£ aJuJlP <_J jJaj 1 g ./aL^aJLal jl ^jjLa-J 

_ <U<gLyflXal jl jli- Jaiw? Aia^aljjj l lil5Ll>-'yUj aU^Nl 

(JlSL-JiLi i) jJg.xil j -> , .i fl i ^SLaj 4 (_£ ^A-'y 1 ^_a! jjaji a j_A J^a (^1 ^J_Pj 

^,-Aa^jJI jU 4 *ilLa 4 Ajjljj- ajAi (^l^iij) ^-^Aa=-c_U jLS” jJj .bJjP 

4_j! jl jjjJL jLaJI ^-j_a jr^ ajL 4 j>- ^Si ^jjLaJ Ja-A-jjJl 

. jj4^ j-aJ! OljU-U 4^P jjJl Bjl ^_>J! J^JU ^j| 

k_JjL>o Jjj . ^>AjSj La ^Jj ijLjj/Li adjAp (_g ^i>j j-^ ^-a-J_J 

4 L^~> 4 4j&ll>c-aJl C^LSLa^jl a-A-^J 1 _ g l.. . >, i3.a.i -Wa*2j SJjiP 

Laj 1_JL£-L> 4jjl jS>z Jl a_jj Lj.-.Jl ^_p LgJ5 i_a v >L>t-lJl aj_A C->jJ— vB? Aij 

j~~- 4J 4_->jL>uJI ^4 jvJta.il ^J! Jjc^at Lg_LSj 4 j*-i_ii!jj 


. la»../>li <Ll^aljj a^Alia C.~^-aLi jl La^S 


/ ) 4lv5UJ! 


£* 


j juJl [30] 


Lfl5 tLjjli LjklaJl ^ l ^S\ 4 (_£ ^a-N! I — 'jUxJ! OjUaa 

jLlA-l jiJj j-**-> C_j»SLi 4jjjJajL) j*_*_i.j j-Jl ^Lp 

^a4^J>- ^a o ^Alii 4j ^>s J 


4 ^aj ^aL*JI SjjJajJl o“>L5jjw»Jl Jl jNi J 

I 

Thomas S. Kuhn, «The Caloric Theory of Adiabatic Compression, » Isis, (8) 
vd. 49 (1958), pp. 132-140. 
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i o’^LS-LjLa l^.-a j I Lg-ilS k_sbws^'i/l ^ tLoj-aJ 

/jA ^_P jJL> 4 4 1 ^ jJajJl ^J^^xJl ^jA A y>- iJljufc . . 0 wL&LJL<>J1^ 

d^Lo ^JJ lU o3j^>~ *U j-lajJl <JLo^L*-^1 ,^3 4 1aJj>- ^ ^5* 

^/2j Ls^2_>- ^LwJ>- j 4 ^5s-LjJ| ^jiJl ApLw2_3 . A^ol.} 4-o~^3 Cjlji <U^il j 

^j-o 4_lLol {£y^ c.«.^J jJ^j j 4 CjL^j_*J1 

*Lo~u2j| ^JuJLyS? ^0_P Ia ^-O-P aL$-L*J 1 (1)1 ^P lwLfc> 

^JiSol j^h UI3 j . ( j^jjJl j! ^\ Jj->=^ ol l^>jj <u^L*Jl 

^1p ^ jjj>o ^j>t_<>j i oAj& ol j-p" . sjjLJi < =u^>J-*ji cij * yi>tL-<>j 1 ^3 l^-xp 

^3 L^J AjOIIs-A jJU d)l Oj 4 0*!>15ww^J 1 J->- 0 ^OS" 4j jJij oLJlsLla 
^ iJl olj-ooJl o')! ^j^-J 4 4j jJslJI c^ulS lLLIj . j*JL*Jl jiaj 

.0 j_jjLw« LajLjw^-I oLSCa'I)/ Lolj 4 ^w<y_^3 cota o->L 5 L^_Jl ool 

03 A3 3 (OLjJ ^1 ^%~*J.il j^_U 0j0 _>- J-P L^Oa wU^jail J 

t> 


0 ^^11 d->l_5 j-» ygjl LAjJ-v 2-^ pjJl lOjk ^j-A J-O-P L5^i ^-^l^cJl Oj 

> •* 

La A.) /^— ) alJLlJl JsLaj j_) jJa_i 4_ w La-P’ tJ*}L>- 4 j^-I J- 1 La LLLp 
jt-L- ^tjjL ^jpA>cJLi j L*aX?-L oL j-* «/9 S I sj-& _j-* /^La-jj •4j<-*»lailj 

jJUo <. jJ^s- jj-aLiJl 0 jJaJl ^J-lia .jj j*JL*J! x*j LSCw^LliJJ! 

jlS J t 4 ->ijLo < — 'LIS’ ,»_*j.5ljj \jJl>-j ^jjjJi aLJmJl 

C wi J j-*-a (_s^ •‘■3-!-^ J J-Jj Li 

^^aXSxJ Lo ^3 Lol ,4Z3JuJ LLw>sJl cJL>c-a ^L^jL i. ilalj^a a j j.^A) J 
_ r LS’ ^SLLil j»Jl*Jl y (_jLiui! j^a /yj^j ^S Lu jju t lLILjJI j»-L*j 
^. p-ljjJl 'y- a J c o. Slj_SUl iS^ j^-> ^-S-L^-aJl (Kepler) 

^jLj ^J^jal -L 43 1 4^-wjjL^ .J^i«»ij| Lft Lyi> |X_) 

(Pendulums) ^1 yJi <S y>^,_ 4i%Jl oli S yx-^Jl olJussLLaJl 

jj-a ^SLoJ 4. oi jjlLaj LjLL>| oLL>I ^ isl J^jLoj .jJa>xJlj J_aJl iS” j>-J 
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J\ iiLvM c jj jtJL^Jl UjJli (jl i JL w Z»l [31] 
jLs coLajJi ^3 aJL>- ^1 jJijJljj .*lj^JI ^ Oj-v^JI 

oJ-A ^j_p (jLd <. ciU^ .<uL*JL5 1 _JLj2s.j_ 4 L)LS^ j-Jl lLLLj ^*L>xj 

L A^p 1 i i jj-9 A*wa^^<>»P ^ A-^wvJ i ^> . .w^ 5' ^y-J L^ ^i ^L*- ! 1 

^S\~> j%J c i*iLta j-LSIj .LjjJL La^-*-P j j-k i >tJ £ H ol Lo-S* 

C-JlL <^l j» j-Jl ^Ja^vO Loj CLoj y La l^| AjL32 AiJjl!l \jj j+j d^ba^lg > 

oLT 4 1 ^j>~1j jJLlI ^ I L> j_>&1j ol *L^Jl ^j>tlXa 

*■ f* 

^ J lP ^^_Lp L-»> v -o^ La «-> la ) ^^ w-l a .,s,LJ ^ wX3 ^LJI 

^ p p 

<jL>-*JL*-a V >L! L>cJLv^ AA^SL A^jLS' La | .AjjL^-Jl d*>\S y>- 

Ajw?L>J| A^^JI j_aIj_L> ^^-Lp A^L>^jj oLL^JajJl 

jU tjb- J5 ^^i-c-j -J-SLi t/L 4 _jw>Ij ( ^ r SL' ^JJ 4 4_>JjLa-aJ 
^pj t |».,'..la,.p ^L>sJj 4 L^J (_jJ_v£2jJl jtJi Jjs oUT 4_^ij'yi obA^->lw«J! 

^ p 

^JU-Si ^j_a /J^ Lft j^_ 1? iJljLj^JLil ^j-a AS j^j^a ^|j_>sJL^al jJp 

jjiJl J">L>- A^jjjSfl 3 jU)l o^p pj c(Huyghens) yJu y* j jJUIp 
^JUJ! j (Bemoullis) jJ aJjU j-* *Ul*Jl J^ajL j-Ip .yjUJl 


r* 


;L 


<jL ( _^’l 1 4_olS'_<>! ^>j ^jJj_2lSj 4 cj^wwoJI.1 

A^y^> I jj> 4_^l>- o'lllo- l^j jS oI—j ^jSloo 4 v_j I xS ^LlILIj 

• <9) (> a i Jl ^^>3 4 ib-Ui 4*Jl£ J^>-l 4_3 j^J i^—l 4 A^-a ytsS' J^\ 


.( ^j*- ^ dl) (Jean) jl>-_j t(Ja) U- i (Daniel) jUb ^ j (•:):-) 

Thomas Hankins, «The Reception of Newton’s Second Law of : _, la j| (9) 

Motion in the Eighteenth Century,» Archives Internationales d’histoire ties sciences , 
no. 20 (1967), pp. 42-65, and Clifford Truesdell: «A Program Toward 
Rediscovering the Rational Mechanics of the Age of Reason, » Archive for History 
of Exact Sciences (Berlin; New York), vol. 1 (1960), pp. 3-36, and «Reactions of 
Late Baroque Mechanics to Success, Conjecture, Error, and Failure in Newton’s 
Principia,» Texas Quarterly (Austin), vol. 10 (1967), pp. 281-297. 
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j! 4_SLww4 J LjSsLXjl J_m2 J>sjJ 

c (J ^JlLjsIS’ jL^->- ( JJl« - cj!j.*» oJ l S wlii . ^wJ 1 1 ^ •< * ^-*~ Lj 

, ^ 1 P (_) ^T— U _ A_»^_<-V l _^ > r - Q . j 1 C »A l — ) 1 ^1 L A-Jl^ 

OJj>* J Lo3 jJ AjoLjJI ol L^j-kj A^gU- oLJ 3JKJS 

^jj j-o ^-A3 . L^JLsI 3 OUJ j Aj ^ J ajJl A^>bJ UjU-« oLj_*_vg 

c 4.L2 .AJ ai-US jUlpI ^ ^JLa ^-*J1 a ^. aLJS ^.Lp 

^3 J-£>L>*_j 4 JI U-S .^3 ^jJI (J j> ^ ' I~l>-3 Uj ^ ^.SU dl-taj 

ol^jlj t Aj j Aj ^Jsj O-jLS” 4_Ul3 oIpUjL^jIj c AjL^-U ^-Ua^o 

C j . AoU-^u ^JL> A_ol_> ‘^3 CaL O olS JLSJ . 3 UjlJLo 

[32] ( jJ j-s_> olj^Jj £-3 j3L<>Jl ^il jjJl ( yj> CjJj>- J-i-2 A*_o j_aj Lg_> j-^Jj 

* c. 

c U yi> j j£\ a j J */? > j tl^jIS oLj-a-^Jl j . AJ-*Ui <^jl>Ulj 
Cj I J— fo L L U Li .A_jjLow*-JI j-^Ij) la ll ^-i_P U j 1? > J) * ; lg > ^-3 

L olwOwi ^ «/ 3 ^ xj ^ j S3 ^_^J| (_)1 ^^ -Lp* (,J >-Xj aJ^-^-^v^J I A»o I A*j l-Sl 
.Lg_P J-v2_>- L— ^J_P ^1-P JOj ^ *4 j-U O' US' l ^1-*S" 

^|S JU-kj \ ^jj j^j jjs^>\ t I UJo ^y* j^^SsJj 

> 

&j->- ^^-Lp 4w^-S j-S J-S ( j_o 1 ^ — UjJl^w<3 c a_^j3L>J! ^_aI j_L? 

-■^ t- 

jyj& ^ 3 j^Jli t Uig-jJ <w^3Urjo <^s_S! CjIS UJ^ 

. Ui^SUUJl aJ^LwJl^ AjlU-oJi 4 j ^UJ l ^ ^ j) «/?>- 


c* ^ 

^jj jJJ ^Jija aJlP (J j - -^ 1 1 (_J-Ul ^Jl 0^ ^ 

(_J^i>-l ij^laj ^Svw pJ iA : ^j'^\ LUy^LL<Ji ijfJzjy !-^P U-;£ j .sjJLS>- 

^jjJl jj- 4 (^1 |i4j .jL>u^yi 1J_& 1 ^jLaj Lo jjJL>s J ol [j-* 


Wolf, History of Science, Technology, and Philosophy in the : _, 'a. 11 (10) 

Eighteenth Century , pp. 75-81 and 96-101, and William Whewell, History of the 
Inductive Sciences, from the Earliest to the Present Time , 3 vols.. Rev. ed. 
(London: [J. W. Parker], 1847), vol. 2, pp. 213-271. 
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Lfisl jj ^L-l ^Lp 4 -s^l i j- ) j-^ ^Jj>_p ^->=-^2 1 ^ 53 n_Ji- 

C^jLo J-L>*_a 3 (CU i.i>- JLls 4 (aLLL /j^o ^_PjJL)J . oU-^LA^w-iJ]^ 4 j j->jdl 

J-*j IjfrU- J^jJJJ oJjwlP J j»LaJJfc*)U OjLU “d j-jg -1 ■Zj'^^LZj^ •^LLLj jp! jXjl 

Jj> L*iiJ kij Liaj i j^- j ( j»« Jj N <j IS" 4 (J IlJ ! • (j - 1 j-° 

0 ^jJaAJj 4 C !~*2 jll /^-J.}L>ijj 3 /jJ 3 ^jlSl (Jills' ^>- 

k^jtA 5 N-*LiJl oJa ^JJLo ^J-L*j .‘a_^S'I jxAJ 4 j ^.Ij.a/z^J I j\ j^i*ajI 

( 1 ) jJsJl (Jt>G»- J— j jjj^I CjLwsLijJI «-L»_Lp jJ-a^I Jjj JuJuJ! jSLaj 

l (Euler) ^J jj «-Lo_Jj*JLs .jJzs- ^-jLiJI j) j-.Ll 1 ^JUa a j j_JLp ( j-»LitJl 
aJ (Gauss) or jjJ>j (.(Laplace) * (Lagrange) 

«xj' L^-S-Ta 0*}LnJLj t _ s J-£' *_§JU^pi ~-a! ^L*j «- . ^ ..<-wqj>- IjJ^j 
J ij .p-Lj^aJI sj L> a.JALijj ^jj j_j jj j^j JJjlladl 

La^Vdl UIjLwajsL jJI jjj-laj ^Jlp iol.. ~,^_> i-aIJI aJA jjj Ju-b«Jl 

4-aaijJ-oJI Nj LgJ) j^j <J jIa&j j»J t ol tf. ,1a*. U 

4 Ijj^p Lot JlLjl J— aaaj j_^cp I j4soU . a£ jXiJ! .JjJ a ajjIaJI 

J-jI ^ !l aS j.?*- ^ — L*J sj-JjJl Li-jLsJl ^— ■ — a (j J I cjLJ'yi ^a_*_jj 

J-^..Jg-:.Il cj'^SJza o) ,oj^_<Jl jLjSi I Dl$CaL<J j (Hydrodynamics) 

LS’^A-^.a.aajI jiS'i/lj ^aJlGI ^Lajd! ojLipI ^jSLu L> ^j^zJ aJA 

L^-sLaLxSI j-^L>j ^ aLaI .iILaj ,j_aLp jaIiII o jJi)l 

Ajjl jSxJl LSwoUj jj! j J-^ 2 - 1 “(uLAi-jd Lo a jli aIi^Ijj 

4 j ^J ajJJ jl 4 «■ j-Aji JJ L~>- j_«Ji L, jJajJJ jl 4 (Thermodynamics) [ 33 ] 

Lw/Lj'il ^wjl jiJl jv-ljdi y /ja 0 (_^V ji 4 j-^-SvJI 

^jJl Qa jj» (^jiadl J-o-*Jl pdL*jj jU JiVl L 5 i^j Cs" 

* f, 

.oU>L ^Jl NL>ju^I jS'i 1 ^3 aAs' ^>s^j 


iw^L^Jl ^ Ij-A cLl!^ 6 cj“^ 

^Lc2j I L*— i /%— ^ ^ I ^ ^ Aj ^,1? I I 
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dlls’ 1 _ s i oJjL-j i^bLSLju-aJl a-L* cJl5 Jlij i 4_iLwvj_o j 

'll) 4— fl— j?jJl oj^_v2jl ^y-<s_L*Jl j jpaxil ^^JlP 1- g 1 *^ g- i— L *_j 

4— (L/S J jZS'Jl p jl*Jl J ‘4— 5>L>J jZSSl I pjj)_*Jl ^5 i ^l)LS\JLaJl l y2-X-lJ 

ol_pj jJ? ^jS' j-lJl ^Jj 4_L>l—v— i ^^a j_> ol5 i a-1 j_— Jl ^J-P 
aJLJal pJ c JUuJl J-~~j i£$:>L<Jl i_'LSli .4pLvaJ! 

,'^j-A L^-wJj a! (— >Ld-S\J 1 d)l ^Jl dU^ 3 ^ L<5)l.i 

l j\ kL)jJ>- <L)jL>c_a J.5 4-a Si L y t ‘J l LgJ-a j-fi-a ^ -_^-ll 1 -jLJUI 

* — 

Li j .4jljl~Jaj ^9 1 yiwi» oLaj ( j^a j-J5Ul 0 j5 Jl <U/i*_>j 

t JU- J-5 cOJj -Ills i*L*<9j*yi o (.?,.. . . k i ll j-a __ rrr 5 ■ 5 - 1 - p ' <^i 

.4*^)1 j aj y^2j a jJ ji)5l oU'lll 4jaj|^CLa ^P if- y*±>iA 

5^LpJ Ijl jS Si ill 5 j jJL5'iM L»jjj 1 ^La-Lp ( j-» ^Jl JjL>- idD-LS 

»* p. 

^j-a IpLjl _^55l l g ’. <J t 4.1.3 L*JCa ajy^Zj 4—51— i LSI— aJ ! 4_i ^ la ~. ll 4pl— 
jj 1 p_!l*Jl i yiO e-\jS-)\ (5-1)^ 5 i 4— )Lc>j>eJlj 4— JLlaJ-oJl /j.....~ l g l . , >- ^Jl 

(j j_x_LoLa p — lL*-!l ^Jl jJs-c- ^j-aLlJl (j jJjJl ^_>l p— SL*-J ! j 

d) __ r aJl ^ (Hertz) j (Jacobi) j (Hamilton) 

4_J^a_^aJlj 4->t-ij.. v aJl ^ijjjJl 1 yJ? jju <1)1 ^ s-'llj-* <_ .Pj -LaJ . jSSS- 

ljy^> ^Ip LLL^ISL-JI p_lp t _ y 3j i jIx5 

U5 j^_p Jilj S-ta-j^a j j55 a j (_^1 i j^51 i _ s jaJ^wo oli 

■ ^^Ig-hya-al (_5 ji>- dLllSLJI p-lf- Cal>l5LLa ( _jl-< ; ' Lg S...Wa 

4_L^wa-a aa_jJ->- ^j_LaJ1 J5 J J>SS> , ISl-Jo La»5 

jlr 0 J-55I p-i-j.il j-Jl ^^5 ol tL>-L>-l Lg_a_la_)<_a (j5U i p_*_J^I J . J 
La ^3 UL jSi (_ 5 ^^ ( — >llSU aJj-L>Jl O Ip l ■■</?.. 11 ^3 olj— *J 


Rene Dugas, Histoire de la mecanique, pref. de Louis de : la j (11) 

Broglie, bibliotheque scientifique; 16 (Neuchatel: [Editions du Griffon], 1950), 
Books IV-V. 
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jS h5 ^ JJl lS *j ^ ol^-wJcJl o-La o-^>eJ jSj 

(1)1 £$1 .4A«OaJ 4jai>|^Lo 4_P j-Jl ipLw^ 4_iL> Ijo L y g J 

.LLsLajI Lao.v^ 5 ol5 ^_*_> j->«-> 4.J5 *_JI <5L5 l. -a o ) 

jS\ A-n-u j->cj J 4j jJij 0 **Aj 0-2 jJl ^3 ^_*_ol jJ 0^1515 pO 

^ f. p fr 

U> -x5j LiLL>» o-JapI aIl-VIj 4 Ow>cJl qa ^jj (^1 

jl-^->- v, jJ ^5 ^JL^Jl d)l .OvAj jIoaoJL^ iwO>- 

OjIj j^&]\ Aj jJajJl c — d)l 4-5 _p d)l5 c oL^LJaJl ^s> 4_ol -L>»J0 jI j [34] 

»> 

oLjUJI idDj a^jo c~ilSj .jLgj>j! dUi aLo ^jlS 
( j r *j y~^SS t_jjL>sJl I jJt~o../> ^jjJJl <Jl>- jJli *aj j lj « ) I di-L 
JU- ^1 U> j-oP a— A Ja. i » , ,..., /? . 1 1 4-la^d j-j Ij 4_j2_L*JwjJI OjLj jJajJl 

IjL»p -Las . OjjjS j j«P I j*-vaj jjJ'ill ^ ^ ■ ., J j I 

^J-P ci j -J? , > cj ' 3 j^s-A Lo-P Aj>c_JL) 1j ^ A-J^ . l g . l . ' jlj £_sljJl 

yj jJs ^P iii jlS\ |*_*_ol j. I ^^jp J y-/3..>*l\ J j (. aJj J_>- CjLj j-L*-« 

.J-a-dl <o> I jI_Uj! (_jjJl J^pSlI C— aj jj i— sjj=- 

lj_& ^ j> coJuJlp jJp i^pLJl J-oj*-!! ^l*aj 


CjS. 3 4_*_SI jJl _ iO*>LS\_JL<»JI j j_« 4_J*yjJl i-jL-p's/ I aJ_A 

t J-a-XXj _ Aj ^J ajJl (i-L-j! j*J (. 4j jJajJl £jLii jJl AAjUa^aj t 

lS j&j f-\ j-J! j^Jp t_5jia.-.Sl j 4{_^iljJl |»-L<Ji c_jj! 4 ( v r l?l La-5^ 

L^Jj>-j t ajjLp j»p iSj^Si^A <ujJ j ,jv-L*Ji oLj^I JwS' L>cJs 'y 

J-P O^LSvAjJ! .A-pLp j-^-aJ! 

La-L*j <w»Li“ cjL_w»Ijw« la. 3 . t Lijj L^Jl .JIj^JLi JlxJ ^ ajjL*J! 

<yA Ai>-LJ! ju-Jp*) U Jj *y idUJJ .(_53L*Jl ^»JJij 

Sjji’xJl i_sbwva'yi -L>-l ^3 ^jJCJ ol aLaJ-»Jl ^-Js 3 1 1_§pJL*_i 
tjjj t C-U 3 jaaj Oj*^j ^ (vj *j <>* J-^ 1 - 6 ^ 

j_ 3 J-~“J .03Jj>tj (_gjji jt_L*Jl ( jp <wAi Jill oLXjcj jJl jjp { _yXp-K-Xj ! 
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J ., (? ■ > iJ tiUS j] J-J.2 -^*-; <— A-i«-x5o 

1~Lj <jl i J^3 .If! y~ <l_o-1*J! <ij\jjZ1\ jjJo ^xJ! 

oVL^to'y! ^!l 4l»Li S jiij bJ _b V coljj^J! cLUj Jiu 

Cj-IpI < _j^!I 4ol*Jl 
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IY 




o_>c-Jl l y^> LiLiM jJlS'N! (jL? U->j 

^LwJj] ^lxj| l^ilJLfLw-l <1$ JJLoj <L)Nl L^Ll£->“Ij (_£^L*Jl 

^-uL«j ^£> LjT J 4 L)L->-|^ .4 j j^2i!^_U OoLS”! OwUtaAj^- 

(, fi * 

J ^. 51 p-Ij^Lw^L <>c-jjJl LiLvu Li j j*~* f- ^s> J^5 o jS C> c aj>- ^^Jl <J j_U 

«■ ^ «* 

Lp^j oi> ^ ^-Jl ^ (^liaj j ^S sjj 4 L^> Lji^J i 

o ^ jLs ^ jJ ^5* oL-LS u'y c ^ r o iiLiA /^Svj ^_U .la 

1^ * *, ^ i 1 a 1 s ^>\ ^ ^ 1 j-L^-w*<l 1^ 4 1 ,*~- j ! 

»’o^p ^-jLi 5 3^ ^Lii>-*!>U I j_>LS" 

^JLJL 4 4»x-3jJL^J| ^jLllJl l)L 5* 4 OwL^i o^/L>- 

^1_p (jLv>sJl jwLaj ^JJl ^J^LiLa ^1 ^.jJi I j*-*— s& 4 i^.,1:.^ 

^._L<J| <*il-ta Jj>-I^ 4 _Lv^3>- ^j^AJo li (_£jJl £"J j^Z*-oJlj 2_l 
4^JaJ! J jj<j 'y liai-j tC^5**J! ^ J-^* 3 ^ site- j j£j ^.....rjJl 

•fJWi J! J; 

C-J15 ^yJl iwjjl>ti]l cyJLl UJi t “>\iu c yollil 0 jill ^yii 
y-JL&Slj! (_£.5 (1)1 J-woJl ^JjLa 5j-^->"l j_j ^yL> ^-^-5\Jl i«*oL>txJi 
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A-*-> jt-5 .oJjJ-Jj 4jl-LP 

r *S' £-jlij) 3 j^y-* oAJg dUAJ ^ .AS*# CI^JLlA ^JJl jAl A_P LwsJ 
.^l> j^_S3l A-iill £6 43*>L*j L^Iajj AA 

^v^L<Ji ^Jl JjJ jJg ^j-P 4 LSA-> 4 /%-*-OljJ ^^i-P IxJjjpTLjJ 


j_aI jja LJ ^ ^2-jl,.,v?.,„>- ^jLjlxJI oJl_a 


L« <_£ jJ tj\ 4 Sg i 3 


^-Lp Lvi-J ^ jJ j_S jL>- Jjl3 ^JaJLj .4 -LIj j-^-^Jl 

^-Lp *U2 _wA_) -LLP 4 ^_*-0 Lrfc> J* 4 ^->-Ll<J 1 ^Al IAa 

I 3 LaJ ^j^iu (j£ A 1 s - — .A 1 i) IS <AJ 3 . L^-> \ £ dj L*3 ^xJ I c u 3 L>A I 4_L^A^ 

(jl ^jSy~<±-J 4j>t-JL» Aj) (^Al jlf>Jl |t--w<awV?J ^i-P Ij^U 4 — l)LS 


4j>c^iJI aL>-lA b_^Al l y2j I ulS 4 x5\Jj ^Jl ^LpA^? Lg-lx<>-ij 

j-jAl ^Lp jJ (__c L*_o /^o j_> jAI oj A ^ij ^jA-aIAI { j^o LI 

^j-So pJ L* ipA? £j j-xxAi ^^x^- j .LaJJL* L§_> 

* 

•£fjP Xt-^T <Jl 4 ^V- 


S^Aji-X^" J « *,/? ^ . 1 ^ — j 1 4 3lbft y^\-J 1 [5 4 l ‘ »54j 

4 j_& 4 ^ 3 jb»J! ■ t u>x^uJi <L»jLia J^LaJ! 4)15' 15 ^1 _ E j-^*5 -L j& y>- [36] 

?li*)Al»l otA554<>Ji oJia ^Jl*j 5U)J3 _ j*JL*J! J5xi t«^L*Jl ^ 

t . ^ « *|*» S | * ^4*q5 [ 1 L 3 , 0 J~> •• ij i , .j i_X_d ■ ■ ■ [ [ 1 L_i*A , > — i r " 4 n — ][ 

Jb^j c J 3 V! ^.Lp p 4^5-^J! -Lxp 4^>. ^ o 4_5^ 4b-->«-5l 

^>LJ-*_) ^-X5j ^ i j! ciiJi 4)1 j-*- c ' -AbSJj p_*_>.il j-5i ^.-Ja-i (_jUa_) 

;b^>»-Jl O^l^Lba ^j>tj L<y_A^ ^yjJJl ^ ^ f-L<AAl 

^jlS^SS ^a>LsAo j-jj - A A wL>“l 

=* f. a s «. ** P 

^ ^->s_oJ 6 j r x^_Al jLj'i/l A-SLaA Jj>- r-^y 

t< v *~" __ 

^xJl c^LL x^oJl oI L>jT .L^_Ap J ^-vg_>Jl ^xJi C-^A j_AAI 
oALi j-AiAl ^uSvlAl jAjJijl <. — ^Lw 4^- ^j-xj L^jL^vAI 

AJj 4 4_^>_^o <j j^L> Ls LJLp o$jj>- j-a sbl 4.1a.>.A»l 
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a* 

j L« LJIp L^_i c j j>lj_Ul ^Jp ^U-UJi jj oUsLxjJI 

ji jj o^ 1 *— ■^■ > 4)1 j •^ j j’LJjJl (3^“ ‘-■ J ol j! ^So 

c^_>r_JS iJlddi_<>J j^jjJJl 1 4 -^.oL>- _j 


£js ^i!l o _^S4> L» dllpj c *l* 5 o 1 j .(_^iL*J! 


(JjjJaJl <jLi t^LoJL&'yi j-^-i ^ L« Nl <_5-^. ^ 

1 j~^ Ip j*Jzj> - 4-«_^U>- IJL> ^1? ^Lld di-ta j^j s j> t - 1 ^J 1 


!< 

0 L-«wX_^ •£ ‘L^X-wJ ^ L_^ ^ i— ^ dm -i * A-i-^ A>*wO (_l l «,/? J | (^ )j^ • i— W— U l 

p. <* 

^1 j_il JdL! tAp- > J...ia,.A.) I j_&j 4 oJ_iJ_>- did ^-9 J-Jb^ 

.oLws^Ij ^J lj jLSoVl oIja^AJ 4_LoLdJl oJ_d*_*Jl odp^p-'S/ ! 
<W? ^jJj ^jj! (_£d>sjj! (jlj 4 ( ^»-lp-'yi Jp~ L5^ j—^p - dl i ~-dj 

** <** p. 

<( j-<4-*ji i*jbu ^ \ u>~o ujp- dip jj-dij *u>t>-'yi 


^y-lp \ 9 J^o (jLdJ-l ((4_PnP-S/l (Jdlp-^j ®4-^><P-U 4 ^4>tJja-vi2_0 dj 

oUui,..4il J-jIjjlo Jddxo ojjL 4ji^j>c_w5l ^^xJI jLSoS/l .idP 

idi-1.} taLod d-A 1 ^ CiJ dp-cp- *^IJ * i ^JdJl . -_y— <>_J Id .dLLJl 

jl d ^-d-^ jL-d>-'y ^JptJLs~-i (_£ AJI 4l-)*>^-daJl jj-fl linJl 4..i,l^?.]| 


^A j*_s-L*_«Jl L ^p-LaJ L ^Ji 4_lL«'yij .(Jj-L>d! -il>c_>i (JL>cP ijjL^_a 

4p-bpo U j 4 CjLj-ISsJI <tv>i^>-l8j 8i*Jad«J! 4^>cJ>-!® 


oj-A Jdi Lg_i l] jld <_5-^ .i/? >Jl j_a d"S/l 

odA <S-> 2 *X9 ^ LoP L^J^P^ 4 I 4 

} J f. f. 

a* p, £, a* 

^J-p ^ . Lo-^-° l) j-S^-> ol jl ^_)l^ LgJ-s^L>“ l) j-Ssj <1)1 


^L>6j| 4 A-JLul>' 0 j J y*/ZJ> AJa_pLv2J^ ClJ li 4 ^2)^° l ^j~SL*S\ 

PZI k^jL*jl ^3 wL^J N 4^|-dl3 |VW^ ^/?,.xjl (jL^ 5 ^^vjl J C' 

(J j_L^ 3 j^r j oLSCo| j»wIp ^3 ^>- 4 oLj>c^-I 

<i u t. 
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J>«^E— O J3 1 ^ — 1 — 3 ^1 ^ C— ^ ^^—3 ^0 J— ■— 6 1—0 1 ^ *<w— P 

2* p p 

IjLji 9 -! O j£j l)^ £t_Lo2o N ,^3 to jilodl |»,J a p| (<_£Jj>cJj V J3j) 
^-aJ>s-? , “ 1 CU-s-v-^i 4 ^jLp ^Jo * 0» (_£lo t _J .(J 3L>ol ^3 CjL^odJ 

ur £ e* 9 s 

Jo>- 2jJ>-j 0^3 4 <Uo»xJ>~^\J ljLo»-o *Lo(jJl 4-<oo2Jl -SC jtJ 1 3 Li .li^U^l 

. L^J jL^s JS^o> 


^-^-Lp -L>cJLo 1 ^ > »** « i Xj ^xJl ^LwJui'y 1 Jl>“! (1)1 ^J-J»3 ^J-3 Ijolj 
LfJ o^5o 1)1 jjoio 4 ^*)LS\_JLa jLi^-1 jL^*_* jjb j-Jl JoAflj 

J->- L 0*>lSw^Jl oi Ift j .j^Ju^ljJL ^joa 4 <J j-L>- 

^J_p opLv2_pI ^>c_*io jl ^^-L*Jl Jo>«JL>JJ £co>w^o ^xJl (. Jl^_*o 

-L*j oLS” JoJ-*Ji cilta ^3 L>o t ^ j->-( o*A5CJl* illiAj ,L& j^_*j 

** p * 

Llk; ( ^02o>*o ^1 4 4-JLj-3Llo3 L&jLjlplo 4_*/5 ^3 4^->L-*Jl ^3 LoLp 

Lo 3j J->- ^ -L*Jo L^lJlSwl ULo>4 0j-£o J tjl l j^-T 43 jj^<JJ 

^^-o-Ldl Ji^cUl J J.P ^1_P j-Jl jJJL lLUJJj .C-3 j /jO> 4jL> joLwsJ 

^ll LgJlj^l *y ^xJl L^U>jo>-l 4^>^-oJl lLLL ( /^p Lo2j1 

4j^SodJl oL>Ji la,/? JL IgJLpLo? 4 _oLSCo| a-L*J dJJij t 6j J-O^ 

(1)1 ^jSo<0 CU t>LSoLL<>J I cli-ll JjLo . LgJoj^a ^Jl |»Jj2j ^lil CjljJi'Vlj 
o Jo J-P ^-1 Lpjlo L>- ^ 4jo>- 4 oLjo'y 1 ^3 lil j->ol (l)^^j 
^ j-LJl ^1^2-^oj ^i_P ^_jL<J 1 (1) j-5Jl ^3 j j^JL^Jl v^oiiioj 
^UJI jv_L*Jl c-5^^ Jo>-l d)jj . o 

^Lp 4_3 (J1 ^3 Z^-SIj ip j-wJl ciilo {*Jj3j ^3 j J-o 

.'yj ^ ij ^ii jv-^jLs^i ^yj i^-i^- ( jo> n o*>\5wos 


oL>co^l cjJLS* o')ISLLj i)l jJ tjU^ 

£-Lo_L*Jl (* jo>t -A («^_^o ^j-P (J|^-w%Jl Lh>-Ij>“ Qo^N 4 ^L*-oJl 1 J-^o 

t — J Jo>cJj (1)1 P- jojJl ( /^oi-3 .^j-vo ^UoL^Jl 4a]p LxJl dJlio l^ip 

«* f. p 

tUnili 0 j5\j jl ^j) a -i> jJl IgO ^yij JS ^ 'V 
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c > L kj 4 S j_j J_>- ^j^j\ c3L*ijlS'Lj <u>- jJl. ll_j 

lS 4^i ^Lv^^/L» j_sl jj>J1 oJ_a ,<LoJLiJ! Si j-^<Jl jLj^^ ^JIjJIj 

> s- 

licJl 4>^ I taXjw^*cj ^ ^ Uaji taX^LwwO 4 La^^£* 

Jiaj 4jLp-Vl ^ 2-*j ^ LtL>-| (1) j5i> jl ^j-o p-pjJLj Lo 

*f. 

[38] j*J 4^jl 4 J ^IjjJl cLUJ JJL* S <J j-^-° .iSlLk 

t " ( 1 ) 

t>*J t ‘ u ^N <_5^-^' <jj • Ml ^S 

^ (. . — - 

^»jJL>j 4 0 J-j J- j>- Ls^ jl 4 aJi-LjLs J-& t ^->-1 

*’ f* ^ 

cdJUS .4 _LjJp oX<J ^ j-JL* OLS' IjJLl*-* 4j»UiJ L*i jp 

^ (J? ^p 0-->cj ^UiCjL* I ^ I UJ 1 0 i 

^j>-T ^ 4-Lo*P 4 j ^j! 3 • o*XA £jA X>-\j ^jjL 

Jj>o c_i j-w^ 4 jL> 4jLo-j| jJt JjJJp 4 J LjbnJ JSLlo Laj .jil 

^S\j j^Jj LfJL>- *^r j jl 4 4_L3 Jl^I L^-Lp- ^Jj_ ^-L^j 

4 <u3lS\Jl ojL^oJl <ui ^il^o oi i? j-jl> clJJ^ J5 j 4 L^v-gj <o^>Jb ^Jj>JI 
J5 ^->L>c^?I <>* Olj .N! (j-J 

^.,lj,.jt-a ,_j^j (j-° *— ■ • > L->tj>-l 1 -U^ (_y® j^y-^-LaJl p-g-^LaJL*! 

jsA l~-i 1 j ¥ gL^?.;>- > yi J ci>' j*-^ ^ tjL^-Mi 
^j-« ^-w»_a i— iiL>- jJJaJ 4_*_Slj oj_&j t liiJi (_^ j_~* 4 j |>l^4JU 


^>-1 jj ^j-' 1 J ^- 1 J-*-^ 5 <_?^i ^ 

( j^ <1)^ !iU .(_$^L*Jl o“lA5 ol~>a>-'yi 


4 ^-j ^ ^ ::■■*£ *^-^-’ (^ JI - ) L Qj ^la >- oliLa^-'y i tl) ^Ssj jl I ^iajl ( 1 ) 

Lawrence Kubie: : JO>\ t jll Ul» J_j ^- j .^^aJUJI jjidJ Jl#r^l j-»-Jlj jiJ I 
«Some Unsolved Problems of the Scientific Career, I,» American Scientist, vol. 41, 
no. 4 (April 1953), pp. 596-613, and «Some Unsolved Problems of the Scientific 
Career, II, » American Scientist , vol. 42, no. 1 (January 1954), pp. 104-1 12. 
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ASS 'jA S' L «... jl k_^>sj l 4~><ia>-l l*)li <■ — AS SJ 

<_*—J 2> -iJU*tj Jlp! ^ 3 Lyg, ; 1 -X>- ^_i jl s~>cS .l*J (J— *" 7J 

.L*J_f- J j.,<a.>Jl ^1 4-Ljll oljJaJiJij L*J J^3 /j-SC-tj-j JjJj>J1 

n> f. oj 

^ ^ j ^y*~^ cJ L^oJ \ ^Lp 4 *L*JaJL<>J i j J-V2-S 1 A^>c_2>- 1 ^j->t3 

J-^-*Jl dJJjj <1)1 jAJL ^L*^ l)ll3 jl (J^ 3 J^j • ^OJJ-S^ 

•“Ar*- 4 Nl^wl LajLipUj cSwbUt^ ^j>jl ( _yi-£ ejlxix-a L*Jai OjjLLi 

t j_Ji5j J.,,^,?! AjL^JaJl bJ_*j ^JLo ,_5^Jl bj j.-s^?J 1 j j5o jl 

.a~>*a»-VI 1*l« ^xll o I aJL^I ^351 j 1 * *> j 

jl as*j cilii 3_JL>cXJ3 .*>L>- 0.1*5 ojj_* 3 ^ivJ jv-L 5 t jJJi £-*j 
4 Jj— ul ^J| ^Ju^-oJI jS l**>-jl iw-Lsj jl^j 1 1*15 ^Ja a ll ^_L>cX~j 

f, ^ ^ ^ 

dJJj .u jJaill 1)1 ^Jj L j-^-2 ^ ISL>LU l1LLJLi> 1)1 

. A^Ja^oJ i SJ j_*aJI cLw^a*-! j ^_L>- ^t5s->&j ^yjl ^JjJl 

J jJ^Jl ^s a*J>j jju> (. « jSi Lw-j L*sLJLiS 1 /j5La_i iljLwJ i j-» 3 

cjUJNlj t ^l*J»Ijijl<iJI oLo-LSjJl oL>ta-N L*j Jj-JLlI 

.l*jjli Laj 2" 1 jig-til ( J5tJL« j 


* ¥ ^ 

j-—~> L*^i L« lJ_>5jL^i ^J-.mA.! jl LjjjJ_4_»_i jl5 li|j [39] 

# fr « 

c 4^Sli j-^2j a_^_>-^ UL^I aj^^«^wo Lo!Jj>cJLojI » ®oJlp15® ^cJLj ^ ^ 1 

/jSs^j 4^*)L^_*L_<>Jl j^S^aj 4 .A£lJL>t3 p ^ A -a ^1 

^J-Lo ^^2 jIv2->cJ! AP C La ^l>e_> A-J_< 2 j ^>-1^ ! J ^Ji 

Sjl_*>- (^JUl .ajufc oL->cj>-Nl ) j,^>.j I -,/3 W - 'as- j_o_ax_a 

j J^a A*Ja3 J ^-5^ j ASS- ^ ^ 4_J j ■ j ll djL>- j^aJl (Jl j-l^l 

V_jja Js» jJaj>J <W»Li- iljlpl A-.v.J ^Jl P t .g 7 a _. 1? j jSSA J ol^L*_aJi 

tj^SUJl ^ Jj -OULi J^-j jl 

OUJJ^ a/? » A. la., ^ I jj a jLg_>- ^lLL>c^j 1)1 <uJLp Lo 

La L^IjI ^1.-LpV1 1)1 4 Aj Aj ^J>L flJl (jL^SsJl 
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(JLo-Sl AX^} J_>-J (J| ^-^1 *-jL> <U j-IajJl ^3 ^J*i>-J_i 

J_^_) ^JJj>x_) ^-j d) j)l *V. j-^Jl ^3 ^-JLo y^*-^ ^ y-*r 3 tl)Lft jJl 

Aj! 4 t Oj'^yLoj ^JLlX-^wO <jl ^_S^iw3 4 jl^fJl C-^Ljj_$1^ 

I* #> 

oLL^jJl! ^j5d> tcJlLoJi ^L*3 . (jL>t>j ^3 LL-jj 

cJ\jZ,y LfSl J^c- \J~y yi\ i.yjjXyi jkX 

6 (JjV C3.-LA LaJJuP 0 -jU^aI I 4 (J ^ 4J>“ (J 

p- dj\_^*jl_»3 O^So c)l ^j-«3^ c y?yy j-x^\ (1)15^ 1^x3 . 

.CjU>- <jLXwO L^-lS” j^>* ^3 oLqJJ iJ jJww^j cl->L_L) 4 _j jJaJJ Jsu j-> l)I 

jl^>Jl oIpI i \^ Jj V 4 d-LL Jaj jJl 4-3 *}Lp jLg-l^l -A_*_i ^Jfs>~ y 

(2 ) “ , 

Ju-3 J , 4j ^J iJl ^-*^1 jJl ^2j| ^Jl 

.4J5Cjla Jb>- ij^^o "V j*i \ i d-Uj 


L^J yX> ( ^)Jl J ^-L>sJi wLjlj 3 ^-yjJl aXjL<>wA 

4jl ^JL^oLj J 4 Jj-dJ*-! J_JLP -j-olSJl (1) j-fiJl (Jt>d>e_3 . Aj ^jgjJl 4 ^^L^n_J1w<jJJ 

oJ-aL*2w^JI kS js*d\ (_^Li2JL*>»i I jJ jL^ ^j_)JJl p-Lo-L«Jl 

(1) jjli JlJul^l 4 <*LU jJ Aj^Xjy .^jj yX J 4^j3L>J| y &S jj>Ji 

jb>«j ^/ y .& j+Xh+zO ll C^LiLw-Jl ^3 AJLP k—3 j->c-^ 0 J-jLi j ^ jl 

j5»J_Pj 4 oJj Jj>- 4^j>o>- 1 ( fij y*jy L j^JU l j r a Xj N i)\S 4 ciiJ^ 

(1)1 ^5} wLp| yA JL> P-L<>*Aj*J 1 ,]g <3Z>-1 wliJwiJ <\s>z-+Jljy .4^o-jJ-4jl (J^ 

(3) p 

^Ssj j^Jj . ^L>s J j L^ 4 1750 j»Ip ^3 4 4_jLxj5'I 


j j_^_j 1^ .ii opI ji 4 * — -j_^Ls*-c_xJ| oJ_ft> j ijJajJ j*aA£- <-a-u? j ^£- J (2) 

Les Prix Nobel en 1937 (Stockholm: [Almqvist and Wiksell : ^ b (C. J. Davisson) 

International], 1938), p. 4. 

William Whewell, History of the Inductive Sciences, from the Earliest to (3) 
the Present Time , 3 vols., Rev. ed. (London: [J. W. Parker], 1847), vol. 2, pp. 101- 
1 05 and 220-222. 
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. JjjJl jJ jj _pUJl ocU! y j* JJ LSUj> dDi [ 40 ] 


-LpI ji ye- U w~aJLSo <LoL*J! oJL&xJi l)| 

oLJjeu!')/! ye- Ij-JlS oL«jJl *_« jj jj oJ_a> j <.4— al_J>l oJ-j-Le- 
olio'll (Jj-4j Ul liL»J *L»-L*JI IaJOwj 

IJUj3j jZ5'')ll j ^t-J’j'bl I (jlj ^JLtl jjjj! oJi-A Ig-i <L~J jJl 

-S L&Llla^-N oLa—a-JijJl j-) 1 { y Ji_oJL> oLw^Nl oj_A ya 

oIjj-axJI ^pj UjJUJI ye- otj^wwO’ .J-Jj 

tiUj <jLs i Laj_i j_HJ l y jl ^-ouo'yi ^-^j .oU^JiuJlj 4_woJ_*Jl 
^til eJ jJjJl -U J>o j 0>L>t>-*)i I ^-s^J J-^L—j olj-jdl 
»_«jUs> jJI iil_L y j-j il jj Oil t(Jl2L»Jl J— ^Lpj .LgJ 


jU t dUJu j> jii C-J15 LaJUj . jJ~S- £^bJl j j_JLp /^oLlJl 

4 L ^_*j 2J ! ff'LowL^Jl hXJ 4_^>- jj ^ 1? 1 1 LS" O^LoLl 

^<L> C-JIS” oLJl f\y>-\ ^IpLaJl ^ jjiJl o\ L*5* 


( jJ >\ jJLi jlS' 4 ^Lwo-^SvJ I i^j • 0->rJl j-° cr^J ^ 

L^_jw? jj - L^Lo-j 5_Lj L ow0 o ^3 1 4_L j_L SJ-oJj 4c^J->oJi^ ioLill 
La jj j 4 J^JL>bjl 1J Ll j ^->JL<»Jl ^$LiaJ! La 4 Lj j JJ! 

cijL^-j^_>tJ L^o— wSLl ! 4^aL>3 /^_p o L-o^-SLLl l^jLo ^_L*_jj 

(Maxwell) J _>j— j*JUJi o'iiboJj . ( 6 ) -k$*>UJlj oLi'j-oJlj 


•tJuj; ^jj! (W. O. Hagstrom) ^ .1 . j J 3JLJ.i oJij- jjJj Ul (4) 

\A UL^I I ^ 

I. Bernard Cohen, : ijjJj~jJ\ i_j.iil jj yJ\ 0 J_» J_e ^Us’jL) (5) 

Franklin and Newton; an Inquiry into Speculative Newtonian Experimental Science 
and Franklin’s Work in Electricity as an Example Thereof, Memoirs of the 
American Philosophical Society; v. 43 (Philadelphia: [American Philosophical 
Society], 1956), chap, vii, esp. pp. 255-257 and 275-277. 

Uijh ^yi ^_dUdi ^ £ 1 1 aj fic& a 1-tA ^ j (6) 


106 



4 jL!s> jJ| j o o lb 4 jj! ^>J! ( j-j| jpj 


pj-JI V j 1 5 J^>-jJl J_pl _j_aJl O -w-J aJ-^S” J_pI^£ ijl j^p 

LJ! aJ ^-^- 1?! ^jJ! ^LoJiA*^ ojIj! j^S'Vl 


^1p 4 .Jj>- 


J-JijJLJl J-a 4^bU> J-LS'I jl 


!^-2j ttJLX-»— ll 


[41] 


( j-jLJLll j»- 1 p <LvijS» JsLajL oLaljJNl t y* J~S bAP CvJpL^Jajjlj 

p 0 * p p 

^£J*! JJii . LpjjLL« l^ljL>iJL^I aJ j_JLo Cj\ j^I ^IJj>kJL*»I (_3 j^J 

y f 

( _ 5 b L_^>- Ijji m^Lw»_j 53I JJL>tjJi jLJl jjb <. is I j^Jl j^~kJ 

(7) 

j_JLP 0 ^3 P-L_o_*S\Jl ^_Lp j _^2J 

0 j^sj 2 j ^ •> /? i ) A^^lJLi (Helmholtz) ^1 ! a>-1^ 

. p-£-LoP ( Jil>- ^ J-^ 7 ^s^Jj <1)1 

Ls^ajl A-J '^wQwwSCJ 1 Li! ^ p j_^JJ ^ 0 iJuA 
^j-wjIj-LSI JJL* 4 cj jJ j ^Jl to! j^L oLaljjJ'yi olJ 

t ALw^-Jl A^-LN I ^LJL^ I J-Uo LaJLPj . A^*JJl J_pI 4 Aj jiajJl j 

s' p 

.J^-jjJl IJla LL-xl bjlj 


olS" .^xJl c-*lb 4^JL j^sbu^Jl 4-wJ Lai 

_L*_J .4 -02 JJ 4^Uijj Jjl CUjIS' Ais t ^liiob ^PxjjLJl 

ijj^JUjjjl oblxS' j j-frk dOu a^U-oj 1 JIlJI ( _ s 1p 4 1630 ^Ic- 


Helene Metzger, Les Doctrines chimiques en France du debut du : _, ii ;l (7) 

XVIIe a la fin du XVIIIe siecle (Paris: [s. n.], 1923), pp. 259-61, and Marie Boas 
Hall, Robert Boyle and Seventeenth-Century Chemistry (Cambridge, MA: 
Cambridge University Press, 1958), pp. 112-115. 

Leo Koenigsberger, Hermann von Helmholtz, Trans, by Frances A. : j b 3 (8) 
Welby; with a Preface by Lord Kelvin (Oxford: [Clarendon press], 1906), pp. 65-66. 

James E. Meinhard, «Chromatography: A Perspectives Science , : r J * . il (9) 
vol. 110, issue 2859 (October 1949), pp. 387-392. 
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la*., 






JL*JI oli (Descartes) cojliLo 

* ^_5 1 — ^ 5 1 ol ^LoJ — p 


J5\_0 4xJ-j L^j>~ j -0 4-^*-JaJl j-&l jJaJl J5 Ol^ c(Lj j5w»j j5w>) 

4P di-L COO A -05 ^a .LgJlplij ^ L^j5 ^ La jl wLLa^ CP I 

4-JL J^LO-a ^ ^-S\j^ . L*~a 4-s^t^Jw^j 4iL>^-5 LO-4 ^S" CpLal^oJ V i 

i5l~L>o c ^JL*Ji L^_j^_>o ^xJl cpLsLSGI ^1 j_>l c^aLo ^j_p ^Ld-*Jl ci-w<»-Lp 
J5LjJI oli oLJU VI 4^i j V : (_$! c4J Lf! V ^^iJl 

o j«w>-Vl j^-ol o j j_v^ ^j-p ^_>t ^_o> L^_jj_SLjj .45 j_>tJLoJlj 

4-5 j>- ol ^-" >^-> >1 ^_JLll oj * I c 4— s<f L^ jS/ 1 cpL >- j j ~ joJi j 

^J| oL 2-M 4^*>-J2 Oj_AUi ^1 <J^L>*j ol *> ‘^THJ ^ LjJlpl Ojj oL>-a-^tJI 

j ./?,« ll ol ^_a ^Lwo-aI ^5Vl j •^j-°l ^-ill *5 J_Lj cp->s-j L^-^v->=J I ^J_*_5 
jj_>3 j^sSi}\ a _Jp o^jxj ol U *LJ_*Jl jv-Lp JL*_U ^^^->gJl 

4-i^JJJL jJ>- V I ^ — • — O — 1 ^Ls/ 5 t L-^-l I «-*-*>* ^ ^Lx 3 . ^ ^ * ~>C-> ^J-jL-V-^ 

jJiJl ^iLSLaJ ^j. 1-^^“ LaL5I 4^-jj C ^J-> JJ j*Jl*Jl JjP CdO->i>Jl 

jJl5I j-* y^ j*~* o-Laj .coV jj>* j L^_Lv^ jj LjLwo— 5J I coVLpLiJi 
^jjL~«l ^^5 ^JL> (^i-ll ^-<k_^-^>cJ| * ; j. xJl o^Lp| ‘LwL^j-P L_a! j_^j ^j_a 

aIjLo-^j jL! co Li-*^-*j>cJ I ww^a 0-<5 ol5 ~l£ j , 10> ^W J 5 [42] 
.sjljdj j PjlSwJi ^ jlf- A-Jj-i ^ [^.:la.>-^A-a 

(_£ Jj>-^jj t jJjjL^Jl (_5 t I j^>-\j 

oLwj-!j (j-4-s .L»JLp oL^jNI L^Jji j j-SCj V oLaljjJ'yi 

iJjJl "^-dj-i o!j t jOL*Jl ^ ^ i i ^ ^ j o [ t "^Ll« t jtJL*J[ 


Marie Boas, «The: ^JiJI iixLp 4 . i_^*jll J_c- ^AJa^U (10) 

Establishment of the Mechanical Philosophy, » Osiris, vol. 10 (1952), pp. 412-541. 
Thomas S. Kuhn, «Robert Boyle and Structural : jJiJI 1 J-jj-j sL-«.-.-5 ^3 L* jliM 
Chemistry in the Seventeenth Century ,» Isis, vol. 43, no. 1 (April 1952), pp. 12-36. 
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t^lyjj/l cLU.5 aZjjlj jl U5 .4_o_jj_> |»_i La-^_> 1 v r j_UJl (jL>c_*Jl 

La A-aU I Aj jL«j J~C- j\ L l jj2J>cjii 4-j_aA-) j»LJtJ! Jl t ojj J_ i 

jJJ.} aJ i o-JLJ} Lo talj . ^ .. JaA j jJJij t <A.«.»Sa.l' 

L&jLjLpL tAjijjj jl L a jALJs> jj I I j_vA ^y£- -AAAjJl 

p ^ 

-fjljwk Ol 4-*^ L-^JJ ^ L<Jw4J . wL> J_>" 4 jL> 4»JlLi S^Lpi ^Jl ^ Lj 

.iioj'yi ^ s-Ld_*_U oLaljill oolS* 4 cillj JJU (S x&\^ 


t 4j ^-S\_j 2 _Jl - oL^lj_xJNi /j — A *LSC«A_jJl a J_& ol 

( ^ wXJ i t ^** fc> ^ J ^ ^ “* *-^ r ^ 4 li^lj <.4jjlk*}\ j 

jt-L*J »Xp ! ji y jJ j .oLaaNI Jau (^^Uil Jjjl Jaj 
I-La jli tj*_L*Jl 4J j_A> J jJUjl 0 J J_A ( j-S> Ja-l^Lo [ j^> Ly?. IaI 
ydl ‘WajiL^il OjLSsJLaJI jJa c '- 2 ~i ji <-ll ^^^o-LxJl ^yjLa-aJl 

a_J! <u^vjJU JSCyi La_j .AaJSlJLlI 5 _s JlpI j-iJl tii-Li aJ LAoJAj 
^y*-! yjl ajA y<>3 .aJUI Aa^A^I Ja AA^i y*> l../?A.Ja LJaj jjJju 
*Awa_L*Jl 4^>*jLa-<jl A^-^-Ja w-LpI J iJl^ AA L*AA^ll A-JL&ljA 1 a^_A-^ 


jj_S\J jl ajLjl jU-J ySCa-i t AjJj Ji-ij t jJJ.S ^-aj . Aj,iL*JI 

^a> ^Ja • > y^T3 (j-° j*-A^Jj3 ' J~y^ jl-X-A-aJ A-LL-A-a 


J-23 l La yaj J LgAA IjJLaj j! jl .^^oJa L^j-I ^ /^JjjLjwoJl 

f-j/j-A A_^jL<i_a ^3 jS ^A L« Jj' L^jI j_) wLpI j_«Jl j-LL ^ 


IJLa jj^-5 t<Jlp juJaiJ j3 JsLlj jA ^Ju»Jli .^j-^aLsax^-V I 

a ^ J/ p 

AjIwL .JS -\ jiJL aIS" j^5j jl 

kSj .^ L^a J_p|jJ t oLa_i_o!j_i J-S I jj! t 5jjL>t_aJl 

aJLid ^^iklaJl (JLjijJi j*-^° l^A >A j-i t Jaj 0 I 4 A-JJ oLa!^3!j 

t oLa-*-pij-Jl j_)-a (j^-*i-!i jaIjaJI jl j^lj j .(j:^ jJl j^AJI 


._U-I jiil s— ’L a JL>- ^y ^j>- j^AiJl a^Ui jXH oU-iyl ^Jl 


109 




V 


djt 4^ j-Mj-uJl 


p-J-jJlj Cod_*_ol j_Jl J J-£'\jjil\ A^jliJl 4^jdAlS\j ^Sl] 

dldll uX <_$S j^L <> d)T Nl L-Ap U tgpUJl 

LaLLjL^? j 4-s^l L>*Ji ^1^-lJ^II £_dl J~* (Jj-*-J 

^p^ c U ,^ 0 j ^>c_»jlij| v — adSlj .a! j-JLoJl JS'l ^JjJL 

Aj j d*~oJ 1 4-wJ^ Ajj 1 ^SU 1 A*0>r*wO I Aid ^ I ^>3 AP J^P ^ ‘•—dS' 
4 3 J_A L*wiJ 1 (JLj^cwO^ 4 Aj ^S dJl L^J l a . ■..laj (Jl_>c_^ A_lljL>c^3 oL ^- iajJ 

A_^i* j_*_t ^jJl J— >r— L^V-ll J-J 

l$j ^j-*> j-o-lllj Lg_~ujJ_^j . C->l j_JL>c_oJl ^Jjd-ij 4 AjI j_v^L>=-^J 4 A^^^ijjJl 

^Jl AiLv^j L> 1 4—4 «d .A^Jl *L*apl 

cdldJI dJlJ U oljUnlL o^jJwo^sj aj^jLj JJs? Ad aIIiLa dill 

Lo o^lp 40 LJNI dUJdj 4 Lg_d- jd cj^dld<Jl jjt*jj>- ( j_Sll 
j-*-*Jl tjr* J-* Jt-P* .L>d>lj jj-£o 

j_^vwo lawL»jj>o ^c-s^u ^jp 0^3 4 1) *y I 

» aS' i <-Xpl ^dJ IwAjiAorJ AS^j»*»a-v»^J I ^ I I 

JJP j . L—ld>c^ ^jj /^s d Jo- ^Jl o j->o d>U 0 j^ 2 J>- > -1 laJo dU d 
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^ +42 6 jli L)l ^ ^LJLlI 

(1) j-Snj t U_a a_L<4_p .^£jL>JI L^Jlp**^ j-jjLLi ** l ^ */? *-J 

4 ^w<waJl ^ Lg-La 4 L^J^P j-u?\S^aS\ ^j£* s iL4d\Jl A3.J_& 

Lq-*-> ^ i jj SjA Jj! >Aj>cJL<>Jl lLU^ ^-Ldpi (1) ^5L (j I ^jf>s^-) 

( jA Jd (j|j .^>_^J>C_J ^3 ApIjJ ojj^ ^i-P 4 4«woJLp j_lS"Vl 

J_3 Oj-^j jl J»j V ^?L>- ^^-Lp jjJao J-wL>tj jl i*Jl^> j <JjL>- 

^jA Apl ^3^ aJ J-y^-A (_£3L_a L5^i ^ 

p ^ ^ ^ ** 

taj ^1 p LjJj>- 4j1 c ^ jLwJl 11 cJ^ Ld 

4-^-^ I J-p| jJLJI Jj-p Cr*->*Jl jl J->C-^I AjLs 4 j-^>- Jda 

p * (• 

^jJs-^j ol L>d . djl_<*_*_ol ^-*-11 ■ Jl /jA 4_^p j-U LpL-^*>| 

a! ^jJL) aS jjuLoJl J->^u»J! <jl*> \ dj£*A L I ci^ U>-^^xxj I 

<li_l_> ^2 -*-j dLta ^3 Lo*j 4 ^-L/l [ (ji ^j_^j>- ^^3 .JdLJL_* ^_£l [44] 

Lji jlL^j 4 ^4jL L* ^3 aILoLS" oJw<»-^l^I ^iLi oL<i_^_*jJl 

AJ-5\-a-j jj>-l aJL> ^_Llj ^1 AjL> j-UJl dlLo J-^J • j^4JL<k_j IJl>- 

L^cjJU ^lS| AP^-<>-?x^<>Jl frl ,/? pi Jl-» 3 ^^3 L^-*/2-3j OL^ 4 L^J~4 J>jlJ 

^ f. & 

^ ■1- ^ 3 4 — J ^ ^ ’ 1 jLS^ tal 4 jU^ 

j j5u 4 juti)l>- t i>-L>rJU 4 J^-IjiJt aJJj ootJI jJ. id ^aiau^J! 

JiJi JiG S^xJi j .SS^UJI oli 4 aUuJ| ^ &S ^-jcJ 

1 4— LJj_! L)l JlPI ^ dJl ^j-a AP J^»j>w5 ^P (1)1 

*# »> *» 

* ^ jaS^a -WL^*-^/ ^ ■, «/? ) L^Lp U>o 


.LdLo-a CjJus^a { J&-S- AJ ( J->t4>0 isLj-^ll 4jJJj jljSVl jl 

_jl 4 4_ojl ^j')l j! 4 jl ^J-P IjJLsI^_i jl «-LaJ_*JI la " •- tj 

ip ^wjj jjlj jj>- I jp^Cj I wlS 4 jl 4 jJj j-wv^La 

|j_S> p_^jljjl ^»JP_5 4 j^JLjj N jiJ^ 4 0 jjLJ| CjjiSjJLaJl ^y> 

‘W>L>J| i-jJi_> ^j>tlJl t>^»->iJl ijj-?- 4 j-~-*-i jjjCj ^L5 
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UjJ-iU .J J-UJt ULLi oLo {j£- ‘Lijj_«_oJI 

JJ-*-) jl J-aLJ l _j-Lf I j-AjIXj (1)1 j-P jJ 4_Jt>U JjJU>c-j 

jliiiNl o} .J-U*Ui j! Jl UU.i (J 1 — 0 £-U>| 1 ^J 

(JjPaJ N i 4jp Jjpjo -CU jUU (JljUP-1 jUlS^I jl jUco 


3! 1 «j (_£jUJl j*-L*Jli .UocJl <oU£ ®jj- i j*-*jUjJI i-oli Oj* 

(_J I t jj>U-*-Ol j-JU j-J^UaJl ,^2Pt-4Jl 3_P 1 —jJp- |jj.Ae>c_> 

"V L^-iSsJ i. lI^L/sI JpIjJjJI 4_*^_waj JL>jjj U U!Ip ^yxJ! 4-_U_*Jl_i 
Jjj>-j *h/ *«jil ^_Ul ,lj->"j d j-& 3-^-9 . i— g— U p 

. Alois’ JpI jJaJl 


£*jJb j-s-jUt-lJ! lLLLJ 4_J?^_ljJi jl jJ_J> 

^dJl L« 4 .-LpI o^^Li pSS' ijL>- 

ojL-p ^ 1^0 Lo ^ ^Lp ^<>-Lp wLJjHj j*J>L*Jl aIaj 

_ti jl5 4 lLLLiS" I j^-p ^Lo j->eJ I 4 _jj_>- I ? ® L<*_*_o I j-J-1 LwoJl 

^ (Ludwig Wittgenstein) j_i LujjJuii jLLi:> jJ ci j^wJuiJl U>j 

p ^ p 

j'blj . I J_>- 4 ^LLl>^ ^3 Laoj_^-j j^_p j-JL 4c aJLLiS” 

jLipI jts 4*1 LolJJol ^lS'I uli_ta 

Up- ^.UUxai^ <J*-U^j jJj .Vjl jUp'bM {j*-*- 1 jjjUuucy 4s*±>- 
l‘^l «4_^*J* jl i #5 jPtJO 43 jj* jl i ^ ( ^-» jS - * Jjjs oU^jU JjUsj 4_~ Si 

?JjpJi jJj Nj 4-i jj-U ( J^Uij 


L-a^ |jb>- iiSU S U_U-* (Michael Polanyi) jj J5o I u! -'iJ (1) 

^ „r*^ (_i^ ^ ..kJ- I iuji -- 1>tu ^iSUi jl 3^" 

Michael Polanyi, : ‘uUS .oykU? Lf^i-lw? j-SU_i V t _ s pJt_ > .jUdl JjU- 

I'ersonal knowledge; Towards a Post-Critical Philosophy (Chicago: [University of 
Chicago Press], 1958), esp. chaps. 5 and 6. 

j ,^-1 iLwjji if*)! t- ^ jp Lj jju Up jjLwJpcu J j-ij hi t tjh>- ^]p j (2) 

: -^cl] 1 ^ "■■ -- ’ hi ja> jl5 1 1 jJ ,-cUaj ‘Uo-pI! 
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4_iL>-I 4J_p 4jU>-N^ o—>LSj 1 1 Jlj_~Jl dLli <1)1 jlIj 

^-A La 4 L^*<-L>- L-a ^P 4 C_3 <3^ LwJp 0| <-i ^-DL < ' L -^ 3 jJ-aP” 
/^-a La AP ^oJ>x^a ii^)wl_) (3^ L-Lp (1)| .4-«-*-L)l ^1 A3jjjJl ^1 

jJ j .LaJj>-j 4pL*J3Mj c<pL*J 3/I J^S* l^i lljLiJ ol tf *,f? !l 
^JJl jtJUJl A^JJl lJL>-jc^I aJL> j-L jiiilL 4 aJ I ^LlJxl*i3 

^aj) . cli-L 1 4Pj^k>c-4 ^JjLa CP^i ^ ^-Lp L^JL-Lj 

jl » jL*J3M ^ j-a ^ Jlp Lfrj iijj-L-j cjLlv^JI 4_Jx_sLwo Li 

a-p—S” j*— L*-> ^Jp LjpLwvu La LJIp j? i ( ^\ J £j\ 

^y^aj L yg->tJ 1 ^-a AP ^_^_>c^3 AoLi 4 JjjUa u Jl ^xJJflu 


-S<2_0- 


.PjIj C-*3 ^Ji ^3 LaJ_>~j L^Jp j 4 IP 1 -P Ji UjU Jd WJa: 

j-P pLLjj A^-i LJCP ® ^cJ.]g ■>,<*? >3 ^ Lsj Lold 4 4^41.3 ^P Lp jP J 

«Lblp 1 ^ ^ Xi )) t l^^ej oNl ‘L L» ol y JJLkj ^^i-^JSj <. Li)U*i j_aULo 
OJJ-Xj La ^pOj ol ^v^LoJl ; < 3 L^Jaj ^1 c^lj^LvLuJl 30 p Lo ^3 

4_^^jJl> ^ (jijj'yij (_5-^i jP)ij cpL*jSii oLs i 

"* t. 

A*jLL-LS^ ^j-a i ^ * a oJj>-!_ 9 ^J-5" A. 1 ^ ^ 4 A^*-«»J^ dP^Ltp ^oLaaL-x-pJ 

A*_3 L>_> 4 LSLpJI 6-La J-La <3 j_J . <-*-L Lg- X -oJ I j aL^IwLL^JI 

blj .J-jLL^JI -LLi-Ji j- 4 <jj-a JloJu>cJ ^3 Ll>-L>s_> cajLL^sJI 

C^^JI L^. Lj>ujj-\J <-iw>^jjLa(j LaL ^ 5^ (p^ cj 3'L L*J i 

OL _ <L^-^-U O^LIp 3 j->-j ^-Ap aJL- ^3 f^\ - \a a k 5JL>Jl o-La ^a3 

5jJ>~j yi l)i 4j y-^\ j-ww*J ^3 Lj>-L>t^) 

^_a A->a -A-> r — ^ — \><l 1 ^ p _> L* /? .^*t-J I 


.P^2J 


Ludwig Wittgenstein, Philosophical Investigations , Translated by G. E. M. 
Anscombe (New York: [Macmillan], 1953), pp. 31-36. 
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4 aJjO-5_«JI I CjOOSOJLo ^Jl_P tjr* ^lS^ 1 l3~r a -~i 

oO-A 4j .0 U J ,-X>0^ £_£3lp ^^0-P Jau-«^ OOj ^01 <jpLJO/I^ 

ji 4j>i_ij-^3Ji CjLs^I^OO/ lj Jlplj-aJS if- j-o->s_<! (ji>tJ Lgj jS' ^ ( J J 

s* 

Aj j]su^i j 4_*_iUi> wLJLid! ^Jajo ( _ ? xJ I j LiLilS'l l^iLLlSl ( V r $0>_<JI 

(J-i jjp ^^p Jajl jXj 01 Lg-^S0<>_> 1 0 JJ 3 0/ ~L»3 J_i*Jl ^-Lp 

oUJ>Jl ip j_o->=-o j->- 1 j I s- J_>»J iO lLa OJ 0 j-SO j <U LOjJ I 

[ 46 ] AjI^jIpxO ir 0 ^-$- J J->tLoJl ^vSl J -3 015 4 _-_^_L«Ji 

C—'lS'l iJUu jj-^ 7 dr° •W"rr^ j*J 

j! ii j-*-° Oj-5 t ^r a OJLpj tl — oOU ^_*_xJl j-r^J ^ 

^A iow? j sj j-sA ii s-1a cJaP-1 ii ^0 i>-U»iJl 

j^P t i«_LU*AS" OjO*Aj j .Jj>0L<J! oL>Jy^l jj 

~LwIj2j A^ 4 > ^Ojl ^ <3 la ~^J[ (^O^-jO/Ij .wLpl^iJl ^jA <lL-o 15 ip ^-o*>s-oJ 
ipj-oj>&^> ^j^>-j 0/ 01 ^SOi-j *i~3 0 ^S'jlOo (_$0Jl c-^>*-0 

^y0~Jl3 jl ^3 LaI J]^_4>t-> ZjOOi-f <U-L0 ^3 C^LOl jZ^\j .Ap! ^3 

L»P O^LjOS ^3 0 ^J0~j 01 t e-L^L*J! 00/ J . 4JLP C-Uajjl £-3 ijl 
4 _^PJj_Oa 0 _jOL3tlj 0! jt— 4-jOl jl l Lp J 00>- jl 4_^U>- iLSOjOo 
0 jij^j dUi OU t^JjsxJl j\ ilSOi^oJI 

3^>- ^1p 0*4j ^X3 OIL Z^-1 . JiSll 0-^wL>- <^j\ j>x}i\ 

^A CjLJuAl^jJli ■ ^ 43*>lp >1 j3>JJ j' 

p p =» p p 

J-p |^3 ^j -4 A^^_ 4 )^>c _>3 0 j -^3 ^JwO—S" ) ^ 4 IwL^w< 1 j jSS\j 4 L£O^ 0 >- 

jj jJl ^vj L^Jj j^*cJ ^5v<>-> 


l) I • < '-L° L5* oj 4_j ^.J aj 4.1? 5 4 1 1 o J-fts C->-j LS” il) N I ^I_>- 

JlpI ji o ^j- 4 oUi>^l jJl 

Lp-UJlj j_^ ^jj3 ^-jjl ol .L^LjjL^I 

.4»5j di-L^j j-Jl oL> ^Lixp'b/l >Lwj1 
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(J-r® LAS AdLsLwa c~«J ^JJl j-& j tJjVl 

LoIp jJliJ oiii t yJl Jlo( jJLSI cJLLdSl ^ aJu-LiJS 

^jjl L-l^Jj l ^ tf..' 4-1 yg.ll 4->^-*-si2 Jl oJ_Aj .4_^>L>- 

.« jL*JjM JS A3 ij^XJLj L>_£> jj.L>tdj jl (JjL>t_t LaJJkP 

A*^Ja ^9 j.L>t3 i<! A>c3j (Jjjli (^>AJI t 

jj_awL*JLi jl aLi_L*JI jl £^wj> jdjl t j-a jN ! J_> jlA .4^_aJw*Jl A3 ^xJl 

Lsjj^j .L^jli -^>- LsSy>s-& aJL*- ^3 olj jiajj j^^ftLLa 

a-L>-j ^3 4 4 j1J_J1 -L 3 JJ 4 AjjSLaJI olj^jll oj_A 4 _>-!j-J 4 jJJi 

(JjAp-J 4 Lfl Labial *-* 1^3? J-*J C~a»- 4 Uj-jJ AAiLa Ajjj^jj Aj-ojlj 

LgjbdJau £-o Ldi-i 1 ^ !£■ jjLf-jll j»Jj o.Aj»X>tJl 4 j ^iaJls . LgjL?«.la.i 

jl daLa^JadJl aj_A jj3 jr^J t a » . . la tl jj&l jJaJl La (_£3La i_£J~* 

4 <J j— ail J j-vSL>- J-*-iJ . (J j3?ji JdJ A>t-j ^a j _ j5sj j jl A) ^xJu^aj 

ej ^3 Aj jiajjl jj3l ^ _^->P (S _^1 L^-w2j daLiAvjaTJl jAJji j Li 

0 1 >A>a l ^ 3 ^ U - -- .-...-a ^ a ^, 1 ^ 3^ « a 1 ^ A a ^ l — j 1 A^^»l^.Ll ^ ^ 3 j 

3 j->t-a j! LgJ j«_j j| A3 y^ \ 3 j->«-a AiLjfc (J jSu jl ^^£3 .ACw^ [47] 

A_^alj3 ^Lc- Aj^Jij ^-L*-> 43.3*3 4 ^.^aSLuJl ^Lp_a jj 

,*— LaJLi J 3 - A-^ajja—a jiJi ^3 L<a_J 4 dal.it.> • !a.,7- H 

l JUs> l isidSl 1^1 t(JlLaJl .jdj-wJl J_y3 daljil aIs^uIjjJ 

®a ^ 3 )) jJ^w° CaL>»J ja..3>-o 11 jj j^jjl LSC^aLljdJI i_y J J‘^-!. 

AXS"jLL 3^ Aj'A3aLj.a>J jJJ^ ( __^Lp jdij ^^3 t^jLsj^ ((jL^a^ ^aJj>S^^ 

A3 j^a 3 j3ta Jyi JaL-xJl Lp- Caljj^aJl ojjli j ..L?,) ^3 

I — jldSsJi ^3 83j^-j_aJl 4 LiL-a-l 4 SJ_C-L»waJ!j A-voJLJl 4_jS_ijL*dJL) 


<12^1 j_> ji ^ojJl 4 _Li*«vIjj ciJJo <j| 

v JUaJl 4^,Lq-P (Jij-L? j 
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(Jjddj a oljjdS"jJI ^Jl 4_*_ai_>sJl ^b 4_d~Jl ,j~a 

doljSod*JI_9 ld_dL*o jJLS”I d C-OLX-Jda-Ji ^no- 1 4 Lft j*-JbL> b_j 

djdsujll JlLo ^^-a 4_o jl ijy^b LgJ ^j-dJ .jJjl L^J *lL>Lo— aJl 

4*wO-L*Jl 4 jLo>- (J 7d>" 4J_*jdda ^dll adajlSLjdaJ LS" a 4jjjdJl 
adL^ia ^jh La ijLSva ^Jb a j*JL*Jl (jl ^ppljdsNl d ^ j>- f-j^lij .dia--jAJl 
dib J-v2_> ^5\J l a_^*_l_ll dpi ^3 dd jJsu 3^>- A3 

4Ajjiajj j j^>_L$Lo aLa-L*Jl /j-a JoJ_*JI ol ^j- 0 J-H- 1 J • < ‘ a -~*-d’ 

^.a ^odal ^3 *JL ,^xJl AwaLdJl da3 ^jjJI idod. .oa ^dJl ^j-P 0 >- 

_L)J_>d' ^b (_£3\_*Jl 1 ^ 2 J>c^Jl ^j-a J_o 2 _d 1 j_^~_J ^ ^ )1 U| a jL?- CA>cJ 
(jib l3l__j .4_>tAdaj a dpj^AAaJl d^>L $\d-aj a a g IdaiJ aUdLdll ^v^a'bi , | 

Lgo j p.^,„S a o3 ^j>c_aJl ^)LSs3 jM diL ^Jda I ^-aJo*o A3 a-Lo-L^Jl 
Lg-<o£3 ^jbdoo ajAdll dlL ii\ 1 ~-0>*j (J-*-^ j»-$a J Ai 

.4o*JJ <ud>l^3jfl dpi ja!| a jj>JJl (jj3 


| 48 ] 


llIU Lw^~a jjjj (_£jJl 1 ■^-a,..,$Lp LgJ ol_& 4_wdu<Jl do j— -il ^ojd_i <jl 

dJlda o J J-v3 ( d^vP Jjj ^^p d-P>a-J! 3 jdJ oLaJt_ol j-JI (jb jj^aljAS'U 

j! j^pUJl ^ — 1_*_3( jj-Sda JJ .Ld-d a3 jP^oaJl -LpI jJjJi <J*>L>- l yAJ a 0 __ r dda 

^3 ^al*Jl A>cdaJi LaJLL? JaP 3 (j dlbj a A-p| yb Ojb yA 

jl (3^— ° ‘W^LdJl J5LdJl J jls- j^jLp dad dial Ubl ja Ait>L*Ji 

^»J_P dl t dt^o J_pl ^jijl ijl a_o>i_j IJJ ■ Ld-dd>aJ 

jl od_*o3l_ r J! jL Jl_>- LaddP dU3^ C L^j a^adl ^Lad-&*yi 

5 jMp dp-bto La aJa-^aJL a dll 3 . ( j^al j adowvj dJldaJl jj^aJ! 

a oW £>L>- JdLdo adJjdad di a 1 J-*3 La Ojdi dlj .adU3 jjJLp 

a 4—P^j_dvwa-Jl Lda 1 ' 3 £ ^- w a— P J ojj_SLx_a CoV 3L>t_a b y^- yj 

b J — 4j , |od^aJ! al_& (jl ^-a j»_PjJ'L aj_>sj! j^L«t_aj a 0*ya5dd-aJlj 

* * P 

13J_p Ldd>-'y JdJj .liLdl Lgj>-'dj! l yA jd5l 4^»_L*Jl ^ojl J_aJl (— 4J 
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Ijj 3 ooi j 4 oLj-aJI oJ-& ^ULa 

(1) jJsJl L^>- jJj^- t j^S" £jLJl l) jjsJl pL-<>-*S" jjjJfij ^*5i 


(3) 

^Jjj 8 jA N oi^S (XL^-SU^a OU lLU.} J_^P *>LAi . ' J^P ^ 

“Lo jji_*_a (j ^So La LJLc- 1 g 'I ^a j . eXjL 4 _icj.ll j-J! JL>-I j j g L ^4 JbVl 
(J'^Aj-j Jl~S t ^UadjL j <. j Sail ,ijL*J 1 L^Lcll jv-L«-Si ol J12> (J*>L>- 
eXJ U-*j ^ I j-J 1 L^__3 jaXj ,^xJ 1 eXJ I ^Xj2j ■ J *5L>- I (. 4__<jL_*_' 1 eXJ I ^)^xJ 1 

jjJ j-o LSLolSL_« l jA (JLaxjNI jCI jJsJ .j~J<5 4_JL*_> j* ^ jN! 5 ^oJJ 
1 g -.A «j j «. pLjJJI j^Ip ^uL*^j <J j^- oNUti jt-SCH l^lolSCyj ^Ji\ 

a g . . .x oLi^bwo d)j jS'jxo t t pL^-I ^Ll iJLjssj . I jj\$ <Jljj N 

. 4 . *i 1 . I ISLut^wiJlj A--- ,. L‘..» 4 ^ J vl- Jj^__S"l_4 4J ^2 j l^.X , ->,4 


lx!i 


Helene Metzger, Las Doctrines chimiques en : ^Jijl t 4L.<_3UL jLcq U ^ (3) 
France du debut du XVlle d la fin du XVIIIe siecle (Paris: [s, n.], 1923), pp. 24-27 
and 146-49, and Marie Boas Hall, Robert Boyle and Seventeenth-Century 
Chemistry (Cambridge, MA: Cambridge University Press, 1958), chap. ii. 

Walter F. Cannon, «The Uniformitarian- ~ j k 7 ■> <. l__=- jJ j— — Al l_J 

Catastrophist Debate,» Isis , vol. 51 (I960), pp. 38-55, and Charles Coulston 
Gillispie. Genesis and Geology, a Study in the Relations of Scientific Thought, Natural 
Theology, and Social Opinion in Great Britain, 1790-1850 , Harvard Historical 
Studies; v. 58 (Cambridge, MA: Harvard University Press, 1951), chaps, iv-v 
Jean Ullmo, La Crise de la physique : _ r Ja2l t ^_SUJl LiCjlSUy* <J-p (4) 

quant ique (Paris: [s. n.], 1950), chap. ii. 

Rene Dugas, La Theorie physique cut : c A ..a^Nl ISLltSLy. J_p £bU»bU (5) 

sens de Boltzmann el ses prolongemenls modernes , pref. de Louis de Broglie, 
Bibliotheque scientifique, 33 (Neuchatel: [Griffon], 1959), pp. 158-184 and 206-219. 
Max Planck, ((Maxwell’s Influence in Germany ,» : fihll i Juti jjfi jy^y 

in: James Clerk Maxwell; a Commemoration Volume, 1831-1931, Essays by Sir. J. J. 
Thomson [et al.] (Cambridge, MA: [Cambridge University press], 1931), pp. 45-65 
and esp. pp. 58-63, and Silvanus Phillips Thompson, The Life of William Thomson, 
Baron Kelvin of Largs, 2 vols. (London: [Macmillan], 1910), vol. 2, pp. 1021-1027. 


118 



LL«-b»a ^ lSbol5b-a ^JXo~> jljl 4 t^JJi 


JXXjVj X>jLS\_Oj jJa_^ujl 4_iLa bbiJ I pb ~>! *-* b>- £-jX_j 4 4_«_ 


-Jl 


c-Lj_L*Jl L ajcs-j } ’'apj __ r 2L«Ji j»Jl*JS j-ob*_a J jjs- (Leibniz) 

t N C-Jl?- Ji L ^a ob^bJxJl cxlS LI La J ja- 

|>1 ( )| U_S J .a^LxJI ^3 L^SLLo-i 'i/ AjbJa J Xp| jJLil ^j-P 4X>n-Jl 4 XXiL>- 

C^bb'L/ I ,'yP *U LXX~a l g 7 fl „ b ja LgjL 4,‘,^-al J ^J>- ^3 4Xb>_i_ol jjl 

.li*>bb) <x! jl>>La Oj 3 ^yo jl JJLxJl jj^ed! <J y>- 


J\ 


JL 


Aj jJj! XaX* j xba-Lol j-Jl j^cXaJ ^>1 ^Jl 


J! la I 


XL) . J'-s^ajjJl IXa (_gJJl j-$3 4 XjLbljX'Jlj a5_ ; XX<J1 XpIjJJI 

CjIjjJj i j~k^t2 iX>l jjj ^jS ^- jj Xuij aJjI*wJI aXA <LaXiLa ^9 t5 J L)J 

{. p * p 

^P^3 ^g?l a(, X p i ,^J-P xJj^Xl ^ySL*_i LX^ 4 l.,- .j j i 

Jl 4_^vXlb j_A AjO jLa ^~Pj aXX>- a ^ aUs ^.iLXSl Jbj 4 Ja.dA ^1^-a 
4XljL->s-a ^JlJl J,a> a.j'l ^ 'L>J X* bib lXLp ^ oAx-aJl eXA ,JXa 

^J L^J lA3^-^~^5 4^2-L Jl^J ^^Jl XlL ; 7^a ^j_a 

4 ‘bU_*J_a <X»_l*j| cXlX>JX-!i CX'tS"j 4 0 ^aJl ,*J-*Jl ^iLdl J*Jl ( jb 
J ~ *-> jX>L b)j-Sbj 1)1 ^Jba-J 4 _jLS\3 4 aJLL ~J i LXjIxJI CX.X L»L 

X3 jL'l (_^X- J*9 la (jl ?8 J-X-V 35 A^_P J 4_C-L»_>e_! I j^_v2J>c_a 


Alexandre Koyre, «A : ^JaJl i? ^X.1 y aXp 0 U J j^a^X! (6) 

Documentary History of the Problem of Fall from Kepler to Newton. » 
Transactions of the American Philosophical Society , vol. 45 (1955), pp. 329-395. 
Pierre Brunet, : _JX1 tj_i_4_J X—Jl j O’jLSLo £lxi ^ o'v’a'i-^il ( _)_p ^XJaXJj 
LTntroduction des theories de Newton en France au XVIlIe siecle (Paris: [A. 
Blanchard], 1931), and Alexandre Koyre, From the Closed World to the Infinite 
Universe , Publications of the Institute of the History of Medicine, the Johns 
Hopkins University, 3 rd ser.: The Hideyo Noguchi Lectures; v. 7 (Baltimore: 
[Johns Hopkins Press], 1957), chap. xi. 
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d)l j wb>- j Jo-1 j (1)1 a Aj\ j 

. 4^oJL>t-a L^liT 4 <jL<>»*j3i .Jj>-1 J^JL^wj J ^ A-J 'S' 

Mwbj *lLU^> d)j-i^ V aJI jl 4 (j L« ij^ll j*- L*_ll ^j_S\J 

f, » ^ 

L®^ j-^J 4_SLSL2_a 4_Jo Lg-LS J ^_i?x Ji ^3 ULp L*Jl jJ_o 4 cdUi 

oj_& L 4 JS* .LJLp 4 x>J 1 ^LL^LoJJI aU-2 

^J_p^ »ljj>- 43 jJLoJl SJ^LJL^Ji cLLL) ''JI l — aL? i J I 

^^3 J-«j>o d)l Jj 'J oUJo^l jJL> J-pI J jl Ji <1)U <. ^Jd*Jl 

4 A>tJ j-v^Ji JuP i jJ i d)J^ . aJ JL^I C3>Ls^ Lv^ 2J3*“ S J J ^LwoJw^Ji (J ^JlJ>cJi 

4-^»lj 4_wQwLp 4_P ^3 aS j^LS^a <oL*Jl ^3 d) jJlj 4 C-J-L^-J IS1 

»< 

^ ^3 j j Lu ^ J 1^ ^-*s^ JL j *»«JJ w\_S” l^.-— * L <>— ^- j 3 ! ^wJi ,jJxJ *• i w\-^" 

(^lJw^jJI jtJ^P^ wLL^Jl jt-Lp' t JdLa ^ l ^ /^-p ^ 4_L^/2j Ll^ J jJL>- 

43 ^-s^ 5 Aj2-Ll>tl>3 Cj JL>*jI ^lp Jj ji? ( J^P d) j_oJ^JL> 4 ^LjjI 

f-lj-a* t c j^?L?r_Ji'y I .!j-P- 4_a_L^J>5_a i_JLS’ ^3 

t>* cT 1 ^ -‘-ri clrd^'j <■ J jr^~ J* f ' <_^ _/*•“ 

(_£ J> rji ^ CjLaJu^l Jj j jj 

4j2jJj (J^i J ^JsJi J^JLJL 4*A>-i^ 

>t ^3 4 A ^-Ji 4 AS' oJw^ ^3 J- V2 -P ^ |l^3 .<^1j JujJi f'LoJ-P 

«< " 

4 La jlSLa ^3 ^j-jljJsJl ej^ ^.g, -a. !a 4 j*-SsJl L^Ljl5w> 

pi J.„la" L*^>- jj^Lco 'y jv^SL! ^3 ^»l t>o [^o] 

f. ^ f. 0 ^ 

Lg-il^ 4i->l j_wiLl!Li L*_^a>- jj 'y 4 JJJJJ j 4 Lg-.^jij Lr^^ oJ-® 

^ jh ^i_^3 t 4^5LoLSwiJ! — <u-wjL<s-^J! 4 HjI j.--^xJI 

■W 3 ^ jjJJI aLa-L^Jl ^axj L^L^a ^ T a?-',£ > j>sjJ 1 

4^1 . ,,^? j3 J 4^ulj3 (j ^-uj_Lj (j_“ i«LLjLSw<iJ A^aLwaVl 

a-LiJ-^S Oj jL>- 1 j 4 aL^j^SLi! aJ^J p_*ji!j_Jl oLs-^JaJ 

J^SsJ L$LoLSwJ 4-JL*j La wLa^l*JJ .Sj^Lftj 4 <ui.-a?Ji r L^-*yi 
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4 IaLLL i 3 ! ^jj /*-$-->* L^i 

lLU^ ^jA .L^uj^ ^l!I •a^J.^JI (ji^*>L>s_x>Jl ^jj ^isj l LaI j£ ^ii \ 

* (. 

j-lij ^3 L> jj-) j*-SOl ^^LLoLSL-^ (j jjU ^3 j ^w^jj! o j_S" ^a j*-p ^JL 4 aj\ 

J-?-l^ ^^Lp ^ jJl (1)L^ 4 l^-*_oJ>- l2->Lp 0.j_A 

* «" p 

JaJaJ L j^j cl) j_SL^> ^%_$Lll L^LolSwa ^3 ^Jl O Uu-JaJ j^“l jl 

4_JL ^\ A^w-jJL La I ji ^?Lv^li^l *Lv2_pI jiaj ^3 

‘ColjJ-3 La ^i-P lILlI^I 4 <oLp ^^-> c_>3 

^ f, ^ 

^J-P l_> j j_ 5 j-wijJl dJJ^ Jj-SLj (1)1 l l ^j-a ^j^wwL 3 4^5 


ISLolXwO O ^j-a j^_PjJL 4 (Jjjil' ^^SLoj 4jLvAl?»-bj 

jj (A^vvuJaJwX-a j-g-^Jl 4-> ^JijJl jt 4 J-O L$waL-0 j*_Lp jO 
»^woJ>cJl SSS 4j! 3 ^_*_ol j_Ll ^ oAjwLp ^Lw<>wLp cH-jLp 

j_JL5_j SJl-p 4 ^j_alj_ia ^j>^j ( _ r Lpj 4 3J^o (1)1 p— *«ol ^.Jl ^-SL^_> dJJ JJ 

— ^>— (1) I j i ( ^->«-Li3 . a! «/? < a 4am - - v - 4 1 *A^»»a ^ 3 i-^-i i 

^ t’ • ^ 

. Lv^2j' 4^_sLJ1 J-JLai]| ^lj -LJLazJI g -La -\j>- 1 \s.km j d-j^\->o 

<1)1 I > -L/ 1 j-oIj /jp-P j >/ a 7 >c-a j-j J^ 3 

4 ^o_Lp ^JL>c-a (jL-o .^U-SL/^J 6 JaULJl ^a aJ-^^-L^JI 0-La ^Ja_*_> 

»* 1 * (. f, 

LoLj— s i ijjjJI 4 j j la ~. U f-L<J_*JI ^ j ol <Lol o^-S" 

^ ^ t» 

4— aJ yj ^ 0wL->-j cools' L<>-p IjjL L^Lj-^S*j 

U jiCj 4 ^ j_> 4 U^-A^LS" c_^L>-1 wLs^j 

p # 

lIUL-J j--'-^ sj>5 CJl5 ^Lx^Jl -( j^jljUala 

f> 

oji ^ LaJw^j .oljLiJJ &-*£ j->sJl kij la ., U Lisj f-(_^jj>uJl i3 j^>< 

(?) e. f 

. y>- t iJi» jvJ j-ii-i 


■ l _ 5 4 i-i tjJ-il <JJj (James K. Senior) .Jj / _ r ~*~>- yt ct-j-LJl (7) 
James K. Senior, «The Vernacular : ^JasJl i sJUj ^j, iL^Jl oli £^J>\ ^i! 
of the Laboratory,» Philosophy of Science, vol. 25 (1958), pp. 136-168. 
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4 * -'<‘- ^ > C-A^J 1 ^^S" (_) I r^Jl^ 

^La^jLq--<>- 1|^ ^J3>x~ti 4«__oj._Ltl (Jl>t>“ 4-ti (1)1 j It.o tils' U...fJ 1 til [51] 
lo-p L^^Il<>J»p 1 ^Jw>- ^3 1^-aI .lo-^Jw^ a~^L>xJ1 

^3 (1)15 U^ > tl cii-Jw *-/ J . *^J_>sJl (l)j5t> 1)1 ( — *->=_> 

I^Jxt 44_lL>Jl oj-A ^3 J 4 Lo^JwSsJ 4j-s3 Lw*Jl ^^-j-LSLII 

A n < 3 * S ' 4. . A a t 4 3 ».*j 4 , tf ) l*»*ww^} to wl—^— ^ • 4— 1 1 3 1 t/? •* 5 1 

j g ^iJl (. <*^-*-ol j-Jl ( y^ ^'j-Jl cl^ 0 ^ J^ 2 -^ 

■j^ J\ 
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VI 


Aj gUtl pUalil ^ Jlc Sjibl^a 


<.OL>0-S[l J>- ^yU vl_ v«2lLo. Jl JsLijJ! I-L& <jl 

(3^“ <• J-* 1 J-4- 3 J-r^ ^ jj-' 5 t_>4Jl 

4-^_bJl J-* (_£4Jl 4 _)Ls^| IjjIj b-Uo 

<* «< 

Aj^l*Jl 0 J ^yg.J 1 LLa 3.} L«L>^vjl ^->e-wvJo ^£>-i ^Jl /^O J-£2 .1^3 

j-dw<Jl A^P 2 ^»t^<jJo ‘Uj t . ^o-L*Jl J^-*-U 

^SJLfaJ *)1 ^.sL*Jl (1)1 .fij J-v^Jl C-Lfc ^3 ^ jJLi^ j_&j 

^ jJL^s ^^JlP ^LijJl (5 jJL^> > ^-L_P tJUJ-J>- J-P cJ-Jl5L!| 
2_3j LJLL ^oAjJI jl .4j>-L>tj (JL>- ^3 t ijjJijJl 

olj jJal 1 j ^5Lol pL>_L*JI jl j (, Ax3 jJlo j^j Owb J^>- j-Al j-L ^jp ^LLjdl 

^JLoJl d)L wL-Aj ^jjUI d)J ,4<w2> ^3 4 jjJj>- 6wb J j>- 

J_i V (1)15 .^^Jl 1 J-A C1 jL>“LLo GwL) j-3 Aj jJ> A-Jl j yb 

C JwA 3 J.^3 (1)1 L>^ j*J-*-U A^LnJl 4 &+/7 ll oJ_& A-> 

aJL > Jb (1) j5L (1)1 N J-L 0^>t-Jl (1)1 Aj>t-JljJl (1) j5L 

4-L*_>iJ La Jau-v^L |L-Aj} j-Jl ^3 J^r*-* LjI Aj>-\ 4_Sl_*3 

4_P CjIS ^3 *y>-LLo wL) JlJ>- j ^_£_L> (1) 1-3 ,oL jJg a ll j £$IS ^Jl 
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L_Uj j .JLpI jill ^ ^j>-l 4P^aj>x-a AJ-1—/4 aIJLoj ^ ■ 3 " J ^ .Jjj^-Lll \yA 

j _^ol*Jl X J j-Xjjl 3 ^ 4 ^_L*Jl al^J>j aXjXj>jl 4Pj^a~>t^jl 
a-^-U-P JJb*- aJjJa>J| aLjijM O ^is /^jJl ( j~ r s0[+aZs>-')}\ liiiljV 

• JiSll ^jIp Ajii ^j^JLJI jA 

4 £jJl |J_& ^jji (XjIj^^AJ J y~s5.>- A^ J i^S ^j-P cJLwU j! jjM LJLp 
jl ioLpIjLiNI <. aAj>xX~«-<»J! ^jli^Ji jl oliLixS^yi j~sL*^& 


jl ^-Lbj/lj >_iU^S’*^t ( j-u ^~oJlJl jJJS jl j^P oL jja.'.'l 

a <* _ 

Jj>- ^Jlj i— j!j!j J_ww<kJ 4 jI lj_^i 4dX— Xj ij^uu <,A_>jJajJlj AjoljJl ,j-o 
.41 jU«_J| aJL^J jJl jlSo^/l l jji Ju-LxJJ ^*_g-a ^IXjia Ajljjj .4 aJL_«J| 
i_i j_™3 c Jwajiil lj-ft i ^yi L» ^3 l Sjlxj^ oliLLxSl U.sigj<i j|j 

vL<lJL>-l aJjaXa Lg-il 14 P ^jj 4 i—S^aJ Lx1aj>o 

^Pjj IjLo tjLLxS'yii .^l la.XiL ejjjLxa A_Jj CjISj aJUXo_aj aJLu! ^X- a 

j_P 0->- jJ- LgJlj A- * .. , . . k ..U jlljilj (_£ I 4 ^_a jJ ^>J_P A_Jb~ 

.(jpL*Jl jv-LaJI ^xJl j j-Jl LgJx*-i -L» jlS” ^gxll oLa 5 jxJl [53] 

^*_XX_>t_> j/j .^S jxJl A.tf.ia ’. <v ,1 _LL»_a 4_jl2x5lx_valj j-o-X-~«-> 4 jJJ.2 J_*_ij 

jLX jl? la ^?... 1 aj j lj j *wa15nj IoXjxp 1 43lLLX?jM 

^ ^>va t j-» jJL?l £jli jJl jVo J_>Jj>- i_JJaXjj .£_S jJLoJl £-j_i 

A_wqJ_P 4j»2>Ij j J_S\J *y SJjJj>tJl A_*3ljJtj 4 4 j jJslLU ^^iLvsl i 4 — Sij 

^lajj u! ^JIaJI j»-Ia~i 01 - 4 j-ScJl jlii (>L»j -L*j 'bM UjUsI 

.AjlixitA a jJi) A_*^JflJl 


aj ^ xLi ^j! Xj ,_ jo ^Jl Ja_ii jxJI A-_i~S' ^ 

o li jl jit 4.f 1 . Lp La 4 ^_<k_L*Jl 4_iLLxj*yi a jjt\hi> 

: 1 ‘ a I Aj jL? _1 Lw 4 . ^w^^* r . • .• L ^ L/ I L ^ 1 - ^ 1 ^ 4 A I, «, /? 1.^^" 

ji 1 jjjj-T jj-oLo^S' iiL>j 4 ( v r J>t^vj'j'yi (-jLjxjL ^jj_XwaJl ,U^I 
j jX> ^^>5 L J^>^a alp J Aj Ij jla jJ 1770 ^»Lp (_^ 1 *^-> 
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O) 


e-L-«_*S aJUJI e J-A L ^*J-*JI ^-LaJ u| . |r * La aj 

jj-A (Jj'f ,<lXS 43 k >lia_) V y (JjjJaJl J_Pl jjs l A-jg j-x.y?.oJi C->ljL*J[ 

l*J <uV 4 Ju_p jl Lx5U-> 4 JI .(C. W. Scheele) J-JsL^ 

4^-SCoi ^-w>=_^S*j V I c-iL^LiS'l ,jj s* Nl j-~-t 

. LXjfe ll^j t_£jJi -la-ojJl ^3 ^ob 4J ^ lS 


Jj>-jj jJuJI t <3~^~ ^ 4 oLa jJl c«> ^llll j 

jUJl £*j>- ^JJl (Joseph Priestley) ^Lkj^Jl jJl 

^jA 0-_*— Li ^l1! ^1 ^4 ^jLj^ >z ~ c j 

4 JL) cIIIl 4_>~li)j ^.j (jjjJI jL*Jl 3wX^>- 1774 j»Lp ^ 3 j .^L/2Jl 

£■ (■ | t e- 

c ^_^jl <_ -L*->j c 1775 ^Lp ^_9j j_w^_S”I 

ij ylL~S>p A „ -■< > ,. S ' ^£^2G*cj (jplp frl^A AjLi oP-L>- 

A^jjI j£*)l jLSls t f-Lc-iNl aJ Jptj (_£JlSI <jJll)l pJL*Ji Lol .A_ol_*JI AL_»jS 

JL*j ^s>cmS j *)l 1 jlp 1 jLllSI ^]l a^li l-lioi (_£jJi 

[54] .j^JL^Jl i_L* ^^<>_L ^jl ^Ip Laojj 1 1 774 ^»Lc- j*JL*JI 


C 4_>jL^- 'y (j\J>t-*^j'y I i_i l ■-- ■ ^ U A^S^mi^hS AJLZ\S~ a l ^C- (1) 

Andrew Norman .Meldrum, The Eighteenth Century Revolution in Science - : j b il 
The First Phase (Calcutta; London; New York; [Longmans, Green and co., ltd.], 
1930), chap. v. 

j-w!-o \^j> M (Maurice Daumas) iL-L- Lofl y> 

Maurice Daumas, Lavoisier, theoricien et experimentateur (Paris: : ^J> ^Uil Ja>JJ 
[s. n.], 1955), chaps, ii-iii. 

Thomas S. Kuhn, «The Historical : ^JiJ! t Jj\ J__^Lij J_p 

Structure of Scientific Discovery ,» Science, vol. 136 (June 1962), pp, 760-764. 

Lino Bocklund, «A Lost Letter from ; ^^kii tJ-57* j^jJ aJAsJ^ (2) 

Scheele to Lavoisier,» Lychnos, vol. 39 (1957-1958), pp. 39-62. 
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y*J>^J> y* oIj wLoL La <Ujjl ji^ J^>e^ 1775 j»Lp 

j-w^_*_j Oj^ y^J c < jI^ u-l j_g_JU oLS” I 

^>Lp . ^(_J ^ o j y,«/2.„i A^jCj y^^jj LJL j J ,/? > 4_j| . . . [y j-^] 

4 ^jj1 ji'y J -*/? y L y. y* 0 Lj L*jjj 4 1777 

^wj^j jJl y*j ^SvoJl As>-\ t ^-oJLa -J^ 0^ 1 ^il 

,|jji diJ^ ^1 p y^y. ^ ^ j->«-U 

s' 

«Jj_L>- 0j^>Ui JdT J _p- Vlj^“ ^jJaj ..JlJLxS'V! la o. 1 It 1 -La 

> i2Lx£l ( j-a Jji 4— ijijiV ^»l jJ dlS J^A . 4- Lo_i_*_l I J C-Jj>0 

11a j cJLl^l r - ^ tJI_p.SH JS Jj ^ t> p^5jSn 

J-S>“1^ )* J—3 ^7L>- 4_>- 4 5 j j.,*s?.!y a 1a ^ 

4_iLiiS'Vl 4_JL-~*Vl <J1j_~Jl ^1 V^jJLi .^itddl'V! JUjJ 

s' 

^lp (J j> ..,/?, ~>tJl cjl^ C cil-ta 4lP 4jl>-)n 1 1 -o. ^ ) V 4 <: L>cjjIj^ 

s» 

^ip- 

(_gJJl oLJUjJI £jH tdJJi ,j-*J 4lL2ixSVli -_p- j-oJl ^-jjJl 

Jlj-Jl ^ ^hS Ajeiljj . 4 J 1~*1o ij jSoj b- jls J|>JI i_U.5 aIp ^jiaj 

1— L>s— sA5 1 ^ . J a - X-I ^_L*_1l ^3> ell jJ>ilj\ A-^V-P ^_glp Jj-J 

a^JL_^VI a_!L~v_ 4 jL> LJ_p _ jjjJl <2lJ.} k_iLsiJiS' > !>U 

«P j.la ,u,i-9 .1780 ^>Lp Jjws LgJ _p- j V5 ^j ( v^>t_^S'j'yi i_iL>LxS’l 

. ^—Lp ^j**^z^**S ^ 'y ^ w3 L^<L , ,-L^ jj c-Lp^I f yj . LJ IkLs f ^ ( a 

AjJLp j! Vi ,J^_»JL« 4 J-*j 4 4_S jLp (J_^*_> <CL»i^il 

^ ^- Jj-J i _^*P ..^ 7 j V i ^_^JmP , .i.'*^ . j3.1 i O LS” 4 A^Aj ^ w> 


James Bryant Conant, 77i<? Overthrow of the Phlogiston Theory; the : J^,\ (3) 
Chemical Revolution of 1775-1789 , Harvard Case Histories in Experimental 
Science; Case 2 (Cambridge, MA: Harvard University Press, 1950), p. 23. 

• AiblxJl C4j15 Cy> ipLb 13j>- wUdi! jf5\ o Xb 
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j-a\ L* tiUj-i c jLxJl JjJjJ liLjLiS , | L* l)L*~->I -Lu 

jJb jJ oLS' 1^1 t dU^ i^\ k ,4 j>-L>-j ^3 <4 

J-V^v- 4j| 1774 aIp ^ ( jJs> JJb jlS' ^5^-3 C w — 

^3^ C A3 ^P ji 4 J (^-y^ S^L^Jl ^ j-> C ^j^>- J ^I-jJ! ^lp 

<f f. * 

l vs.) I IAaj 4 ijjS^~s>- jJaJ I ^0 UL>- 6j-a jL*Jl jOtpl 4 1775 ^»Lp 

^jj ^ i’i . ^Ldl ^ I f j a . L 4 a) I j 1 4 — 7 j 6/ 6 

^J6L Ajt 4 (_5 jit olio A_ojl ji61 pLo! Lot .J)UJl -y> jA* J~& 

Ojio t jJb 4 ^.LO»j jJ 6 j^-> 61 L_s<i3j liij .L^Jli 4jO*^Ais-^oJl 

[55] 4j (_£il (_£.ijl 1775 ^»Lp Al-^P ^Lp A— ijl ji6/ (_5^| Aa>0_o UjjJ-io-J 

j^oUJ! cJLowp! L> jla.oi jJL! . ^AioiiL; aJ|,j 6 j^Jl® aJL jL*J1 AjA^j 
4J^g ^J jaii jUd! 6! 4vJ>^ Oili ^Jl 1777j 1776 

4 alilidoJl aj_A AiLa>OOuoi <J Jp*- JjLoJl jjido-i 4 tiU.1 £>>J .J-A l-o 

61 ^^jJLp ij-sA-o ( J_li 4 ajL_?- ajL$J ^1 j 1977 ^L*J1 aJN lLUSj 
^J^OOO 6/ jLp 61^ ^ lSA^ ((a mS ^j_^>- l_L_o* ( j-*>r_»-A5"j6^1 

. aj! ^>*J| aiLo (_^l 4 aj! y>tS\ JjL^o KluEwoJi® s6JJ.i Aj>AA LoOOP 6 / \ 

J, yg><4 ^*J ( jA>t^S'j'yi t-iLdoS’l 61 4 liiJi (Jid 4_>s_J0J> 4 J jjjj J^-2 

tju_o ot 611 .JjJJl 6Ju!i J^o ^A-Jl ^jJo Jj S1771 j.U ^ 

^oJLwotj 4 1810 ^ Lp Jj4_l 6/1 0-Lw<4_»isJl Jt-Lp ^J-O _L*_0 A^£5 J_«_>jl 

■ jO ^ >-* U 1 O^y-AJl 4 “ .A L^-^w^o ^ ] f ^ ) 1 ^^>6 1 ^jj 6«6 1 a <». 1 

.AijjLo AoL^a-^ aiU> £t^_vi>t Oi ^j%>c^»ij6/l 6li ^jjAa 

OOlj j.^?jj OjJL>- OOL>«JlJg..va,.o ^a»*jt_o ^ll ^6>c-i Lol ^./?l jJl Jys 

aJ_«j>- jt-p ^Uj j6/l 4_il6o51 ( JiU 4JolJj>-l ( J_Jj>oJ 


Daumas, Lavoisier, theoricien et experimentateur, chap, vii, and : j la il (4) 

Helene Metzger, La Philosophie de la matiere chez Lavoisier, Exposes d’histoire et 
phislosophie des sciences (Paris: [Hermann et cie], 1935). 
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2aSI» 


iLLw aJ_«atJi oJ-a jy i ij *y liwLs a 

ijwo-^3 jAa ^ a - 3 * c - &LJASI jl L^jilsL 

j-& |J_&j .(L^AjI o jj-^> ol L^jO a_jJ jJl j j-v^-ii 

4 ^j-wwoAJl jl AjjjJl JJLa 4 0L> ^jj_& 1>- o^-*i 

> 

'C^oA ^_^P j j5j La LJtp ^A 4 Lajli <L»AiA«wa j_)UJl 4 ™^aJ| 

(_^1 jj.5 ^a k (j jJL jl l_U-$L»j Aj'Ls k ( J_jL~a IaIaIasj La l.slj .Ua-il 

JjaII La£L«j As j 4 1774 |>Lp Jk-j k_.pA.xSLi j»J i y~>i M j£j *y I jl k la la A 
jJLLi .Jw-Laj aA_*_> _j! 1777 |»Lp J__S p-P-AaS"! <uj Lvajl 

^jjLj ^ « ,..*a.I iJjL>=_4 ^'y Aj *y ; Lg_^AA> La_o La j__p j\ pjAasJI 
£-jj Sj-ftlii k_SLAASI jV k jJJij k 4-_j._-*-j j jj-o jl k-SLAX^'yi 
■SjA-jA La LAa jL iJlj.>L!l ^oAAj k ejj j^aJL AJLxa jjA>- ^A AjAa- 
Pjl k k_3 L_Q_)I - - — *-’ ^^Lp k W A" >Lj . kl I , ^Lp k. ^ 1 ' lAA 4-ALa J 

jL)J k LS\J k jjA_A-jipjl UIa- kljA jlS ( j-Pft^»S'j'y I jl lAj^Xsl 
jLaj IaL^A- jj-a ^*_P jJj ( ^ g i-.,.. . .> j ^ ^jA 4_4_JLxSLa jl UAS"I A_i k JijJ 
j-^-$L..a A _llj sAaLaAo-H jl La_>ajA_s! ^j-SLJj . k_M_ .L a.?^ I ojAa- 
'y UajI jJ jliajl J^a Ua k LgJ j jJajl k__>L*_A_al J 4_ol jJl j\ k (_£ j j_/2aJ! 
ol 4j^p 4_aL A >s' < yi oj$^j jjAAts k LjLjjy*yi a ^ aUs> oXa u 

s» 

Cj!S Aj jjjJl A-)Vj)-A Jl ( Jj> j jjj LaAAP *y| J > JLia -> ~i 

k L*a <>AALaj a-^jJl k_jLiAS'l J^a>cj k U~»a Ia^Iaa^ ^_j Aj y *)L aJI 

<* 

( j-a JUxJl eAA ajAliaJl j j£j ^ i ^Jj-^J k"^A j ji j- 4 J [56] 

. AjAa- 

„ ^ p - * 

C i^j C.-SLA^sS*'y I 0 Li 0^1^ |t— ^-*-vk^l 

# «* a.” p p 

I J-AJ J^aAA aJI LajI JjAi jl LjjAAu jjjj J^3 .iL jj> ^ 
k jlj-**yi jJJi ^j-P ^Laj jl ^>Lp paI^A- Aa- y . j N ^-Jl 

kAlj-AiJI jj_$j jl k_A«j kJ-aVt ( _ S -L^ jJLAeJl aAA t _ s -Sj k/^Sjl j 
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j»J _l*j U j 1777 j»L*Jl -L-a ^ 4^j < cJ_p! L»3 .<_jL>t-jVL 

. j L( 1 (_J 1 j-Xe>- N I 4 j j]a_i 4X-a jtS\ ?x_— S liLJLX-Sl (j-5vj 

j*-L*J 4 jc-ulj oJjJj>- 4pL-/J ^3 4-ijijJI jj>c-3- Liltaj 4 j jJiLl tii-Li C-olS j 
^■J 4j 1 ^*3 \^ . 4— j L-a— ^L] 1 a^)^— !L Lg ." - a.. v.J . f U a^Lx— i 4-3^?“ >■ 1 .. 4 -.-Ly.* I 
jj g k» 4 . A . .A.P 4_1 _v!s I 3 L^?>- >— sLLxSl /^SL> 

cii-Lij 1 g *• j lj|j_) ^xJl Lj^JjVI 4JL«^-« \wX_s 1 oJu Lj 4 aL_a— SLJI j»_UJ 

I s7>^-X-i— 1 jj-Ss-J 4 (_g ^L-l oN U- ^3 Lj? 4 4_lU>*Jl ej-A •4 r w»_*'yi 

l LgjsJLlSLa { _ 5 J-£" ^LJL j 4 5 jJ&Ui 1 g «->/3 i 4_o_wflJ! 

*• 

L&j_JLi ^dJl oLuJ j^S\ a j-*UaJl £-J jJ>- jljJLaJ U J>- Laj £3 L— uLjLo 

4-a-g_a (j j!>2La 4jia~2>LaJl a-Lk Jaa—v-Lj 4 (JL>- i ^jL' ^lp_^ j-Jl 

4_— a 4JI3 Jb~ ^^3 ij^d j**^ ,j i_ilJLxSl ol j t Jju La 

4_s^ C^L. 4— aj! J JLI j»^JL ll)l ,J-~-43 .4^jL_a_tSLil 4 j ^J ajJl ^^3 *jL( 

4-1 J.la j ^3 1.1a.,?- 4_aJi <j| L xJJota 4 Jj j_is> /^aJ-1 -Xj-L>cJl jLxJl i—sL-LlSl 

/ f ^ 

-13^ J^-a La L^?- i> ) 43 >L— ->-Vl L)l^ 4 O^dL— . >- ^-LlJl 

4_wO-j3L?VI j- J j-SL-a (jJ-Xj O-P^j! 4_a j_dj>c_a 4_Li?-“>La ^3 tilii 

ajj-3> ^^iapl ( j-~>t_-v5' LlL^a ^3 J-a-xJlj } ^ 1 772 j»lp ^3 4-;— J jjtJl 

«4 a* f. f, ** s< 

4_oJ_P a-Lid .Lo LLl^- <UjjI ^LJjj 

j_a j _ (wX-*_i^o oL? 

.ApLoo 4 jt -^ 5 U ^^vwoJl jJi lIU^^ . jj>JI 

ij^y. J-^k ^ 4_3jUj JL» J> i£s) 

a j^S 4jc>-1 jA ^Jl 4 j-L>JL J^LaJlaJl ^SIjJl (l)Lj 4 4— — *>S- a jjaX.iJ .4 

'j3*l£- «-IjJ ; . — >~J! jLS’ 4-jjl J.i'y alj La 4jj ^J j-JJ 


Henry Guerlac, : ^j> 4?rja 4-jjljiM »-ta Ujj_j _ / iS' 1 jj (5) 

Lavoisier - the Crucial Year: The Background and Origin of His First Experiments 
on Combustion in 1772 (Ithaca, NY: [Cornell University Press], 1961). 
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. ojj <. jLjiaJl AjL>- jh^J (Jj. t (_5^*^i^r! 


i ^jjL*«Jl (JLloJ! j_a j_JiSL> l^L>t-j! ^JtSl t jlj->-l j*5LLa iiLwAj 
l ^y> t. aUwii C-J jjl ^ L Lj*)LaL>j L o jSi Lwa j-X5\Jl ijl JSjj i— 5 j~j 

jij . — L«_i ! ^ i_s j jja /1-4-* oliLiux5' v yi 4j«^wJs ^.w^jJ 

c-sLLxSl Jju c ^p-NI ^-p La-&.L>j ^ osJjc>c-a L jSLJ o*>taJl 1 -La j^j>-\ 
j i la 7 Lgj ^yjl jJl (3 j-kJl JjJlaJ ( _5-*-^ a siLS-J t ( ^>t^S’jM! 
aJL>- j-Aj t<LJw^Jl 4 _*_Jj')(I J_La j g 9 JjNl JjLoJl Lai . CjliLiJiS'y I 
^LS'I >_3LLjLS''yi /^a £-j_> J-&J L A ^ ^ ■ -** II ’ c_jLjLL?jll jJLoJi 

J^U! j-olA-a-Jl j,^.,..^) aSIj^L LJ L<wa ljj*L>- 


[ 57 ] 


LLlU 


Jr!J 

j*JL*J| 4_^S ( ^ 2 - 2 ^j-jl cS^ i^wji'yi aj_A 4 _v2 J I-A_Jj ,A_wa_L*Jl 

4 ^ la a g -oJ 1 IJLL*jl4 LoLp (Roentgen) jj 

C-olS' (_j-Jl t ^jjjLJl -LjL^j jL* j*)L aJjLL jl j2J>~jl ib'y C ( Aj 3 jj t$\j I ) 
j*-J ^jS_> A_J_a_P (J*1>L>- 0 ..,.>»jA j-j l ^jJ_ji_I| ajL^_>- j_A La AjL^aA ^J_P 
<l*^u C- -,2>, 3 1 ^Jlj - ^--ajVl OlAui>t3l 0 J .3 JlS J . LuL ^SLH 4Jj>i_JL!| 
^^Ip _ ^»i>tjjl L^J*)Li>- ( j_*JL> JJ j3l_P La_U c_>jjjJl ^La-^Jl ^y> £-jL^I 
^^1 L-J j^jl J^wj (jl 

* f, 

1 j— JsL-LoJL A3 ^js- ^SLa-i jlj tN^Lii ^^JtJL ^L-*^JaN! (jlj l A. la. g-a-ll 

^ P P P 

jJs>j AilJLxSl jjjp ol (J-^j ■aj—jS' (j j->-l aLwJjI ^jJ] AiLv?j/Li 

p p ^ 

(jj Jj t A ■ W ■ ^ aJ I Aj*^i*^l ^jl 3 jjxj \ AJjst^Ij ju LtXlAa A»«jSJ jO JJ 

. A_LJ| aj^aJL A-^Jj ^LaLp I ^ 


Lloyd William Taylor. Physics, the Pioneer Science, with the : j 1 a il (6) 

Collaboration in the Chapters on Modern Physics of Forrest Glenn Tucker 
(Boston; New York: [Houghton Mifflin Company], 1941), pp. 790-794, and 
Thomas Wightman Chalmers, Historic Researches ; Chapters in the History of 
Physical and Chemical Discovery (London: [Morgan Bros.], 1949). 218-219. 
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^j_p < — t 'V \ dU J _j <u j< jt-^* jJ L>^ 4 JjLoJl I j_^3 

£ * fr 

jl l *>lL«. 3 ‘.ij~L*> i_sLLlS1 £_a LLI^jLLa 

j»U Jl 5 615 .JXjJi x~~J>\ ^Ip ‘Ujjljj'y y*y j 

aJ~»_P eJbl>- L^J*J jj ^jXJl £c-jIlJ| aJ £eJLj jvJ < — <jL>LL 

A-JaLlJ! A-S'ljiLi JJJ v_9 L ii Sl IjcoI dJJ3d 4 o^jLv*->- 

C- ^ 

^w\_P 4 J^-Jl_>cJl ^^23 . L*3 ^-P 3 L^_>e_A jp LoJJs^- 

_ Ip J]_A>*_<j! -L*_> j»J I OjJSiLlaJl <_jl _ jjJl 

c Lii-i ^jJl AiL^^fl .JjJj>JiI iilj.s^/ JjjjiaJl A.S.— i Ujjfejj- 

i. f * 

A_aJjL« £j J Jl-5 Lo LiaJ- oL ( j-JL>rJ! *>lS” , L^Lji J JLa 

aS^-I Oj^ t j^> 1 <LXvJi j j'll bis ,t_sLLxS^bl) 

jXj JJ JpL>cj ^5 A. la., A. I (_^l XaO .JXaJtilj i o^>c Jjl ^a XiJa 

«* p p ^ 

^sj ?L-L*3 c iJxSl Xs a_j~~»J 1 ol J pb o1 LxLp i blip 

l- 4 *®] AXLlJl jj jlS laJLC- C Jjb/1 AjajxJJS ^2 t XiJS ( j5l pJ cJU- 
^Ij Jji J-sbH ( _ s -l f ' _/P ^JJL^x-a LX>-L l]L_&j .Jsia-jJ Lo JjT j_& 

^ P* p 

lPd L^aJpSnj jJ 4 4i>~*yi]| 4_Ld| <ud*d J 4 4jl 4 j^Jl dU.i 

o * (I s ) 

4 d> ^ L^w-i2j 4j>- jaJ 4 dU^S* . I 

4j,^ji ^ ^s\ fj~*S\ ji jj^b oi ^yi 

* 

^JJl OjwL>J( ^L*_oN I ( j^2LjI_v2j>- l-^-^ 1 ij-^^JJ d^ ^i 

.,^ 3 qp^ ^ ^ a0ww^^. i i o| L-i^dji i u . A^-d-d*! oi 

OjLJI J-A ^yoLil (Vo lo (Wurzburg) ^.Xo 


Edmund Taylor Whittaker, /4 History of the Theories of Aether : j 1 II (7) 

and Electricity, 2 vols.. Rev, and enl. ed. (London; New York: [T. Nelson, 1951- 
1953]), vol. 1: The Classical Theories, p. 358, no. 1. 

jyJ] jtS j . jli (jjUp-l A~i (Sir George Thomson) j j~a f yr J jf-' X j 

aJI ji- y jji\ ^LGsil a^jJ Jju XUX'^l Ja- (Sir William Crookes) u-Ll- “L-’j 

. diLvaJl 
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a* 


-j-i /dj'lH Ojjl£ j4-S> y 

.1895 


s_51-2jlS 1 /^_wj *l<u^ x>J: ^ jl yJl j c^-jLS" c cJ^" ^j-S" .^J-p j 

.iliU a a L.J v« ^9 t j j-fJs ^lil <L*_JiS!l ^JLiLlSlj /^9»=_^vwS'j\ l I 

4_n_JNt j-Sd; pJ l <_sLLi52bl 

4 - /? >- ,_jl ^^3 tj_s\l ^^J-p ^ dr 4 t “>L>-l3 

jl /^Sdjj <. jjjL c Ijl .«u^>JL*Jl Aj^JiJl l^J c^-s9 > j^j AjLjcP a-jI>»9 

l)I ?jv_*_j3!jJl ^9 ij^oo ^^aJLs! Ji Ji^oJ 0L> JdiL 

p f ^ # 

(1)1 -LS'j-^JI .t^_>- 4_> ^_S> 1-L-& JJ-A 4 _w^2l3 

Ll51_^3 ( j-^-i °j jj l '-^-^ lijL^> oUxiil j-^1 

Is j ^_^_j 1 Lj l 1 Lo — ^-.w>-*-) 1 

U^Jl 4-*^^ I <Uj]zjj id) LSs^o J.S" L^J j-3 j^-p J-S 4^^.JgLw^> ^5ol 

j%J <*iU SS .(4jjL>- jlSol oJ_P ^>a oJ^>~! j Aj j_la_ ? ^ j->c-« O-jLS” 

^>j_>-j (. ^J_p 4oL&J<_oI j-Jl d.LL> ^^ <Vw5 

3 UJ <ujjljiN j~~jz j cu^Jwo ji ij jJij oJlS" L>JjU 4_>, u^J l 

iL^JijJl O-L^ 1895 j»Ip t <JJJ^ /^o ^1-P J-? .^i-X^jjj 

4 4-j j_aJl 4_*_j!>3/ 1 I j tawlP 4 »*>jjL<>^<>J 1^ 4^-o*L^Jl 

U U_> tal^-Ls . a^j>v^»Jll+J 1 (3 j-5 ^-^Jj V c ^1 ^*->=51 i j 

i o I*,/? __ 0 ^^ a,/? 5 4^wwwwv* J 1 ^ 1 1 

clr^V. ^ iiLo-5 c *>lZoJ ^ J ^-^^laJl 

oJjJ^>- ^v^LLkJ LJJ» LjjW" d)^ -i^49 ^ a.-. S ’ J^/Z^S- 

L^iLj^S"l ji j t (_5jjjJl Jj-i>«Jl <pjliJ! ‘Ui^i'Sl! 

j»-L*Jl ^jULa ^j-^ 1 1 ^ f ijj J . ( jjCo JJ ,j^J 

.<uiAXU (J-Jj t ^l^xli 3 J>^° OIS' UkS t(_£.it*J! 


[ 59 ] 


A ... fc jJJ [^.^^*3 1 4^~ ^1 1 


^1 


<j£-t (*j CS^J 
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(Lord (j-fiS’ ijjUl IaLp.j JlLs . Lj oLpJ_» jl5 J-j <.i_— ~> ci 

L>l ,4i>lwaJl 4 jJLl> aJlw- t j-oSM JjI (.Kelvin) 

(1)1 £-AJ jJl (J La j-y>~ ^ g ) l_v?l UjL ( JlJjJL I jjL jJ 
La^-p L>~_j j>- d*>- L^jls c *UijL3Jl <Lj jJaxII L^-xi^>_! <ux*~5l <1x5 VI 

Ool5 c->L*j j-xJl tiUj (jl (_^jl ebb • ( Jl>j! 4 _*_j_gJ1 oUj jxJl ^^c- 

^9 j .4_tt-jUjJl C->L(j_>-) ,_5^J j*_wO_vaL ^j-S a jjs^fs-A 

jJLol Ji 4 -la . fl-oJl 4^-J^Vl jl_f>- 015 jJ^S' 0 C^Ljw^*_wwb> 

- • .. f- ■> * * 

Ji jj jt£>- ^b -®.LjAp ^jjjl Lc-olj IjLIxjI 

ji e_JjL»tXjl ^ ^jJualjdl ^jA 3J-P (1)1 J-> l 4_*_Ji| ^Xi! 

cJ-iol Lojj .La>jijj*j jl Uj^ {y* a-*- 5VI etLLi i L« ^ja jJ j iIj^xj! 
t L^xs^aa l ^b^ <k _ <1 ~^ (_$ji»-l jiLs^ l^J jl5 1 _jx!l (A-^-iS/l lLUj 

^Lpj ,Lg_J) ajLiVI (jjj LlLL^ La j ^ 2i yf*A Li L~~o 

^j.3 L^..xj Lo_>- (_^»c_> (_g^L*JI jL_£_>sJl ^j_o o^_j_lp LpI j_il LjLs JJiVl 

Jw«-*Jl oiLpl (jl>Jl ^..yals! c ellJ j5j .^y> jj\ ^JJ-Lj 
Sk 1 ^jl5 ^yAjLJl p-L>-L*Jl L)V t ILL* lXj^axj! .Xs cx_il5 LoIp £jjLx**_i 
( 1)1 4_*_9 wl—Jo V . 4 .5.^.-,.^ j 4 _Ls^ j^aJ^a llljil ^3 1 j_Aj2_>-l 

. ^J| L 9 L 5 I jJLdL oJ5Llj j 1 1 Jj Jj>- V-ap~ c~>sxi Ji <ux-*~Jl 
L)i (3-t^“ oj LvLjI - c5^1_*Jl jt_L*Jl JL>^> oLjLS0=I 

/jP <LL-*J1 y>cA .jv- &> ^l aIaaJI ijSll oJLAj i.CaS>-j 
aJLit 5 D 3 ^3 L^5>“ aajL-51 IL^Lj^I jS\ LJ^l ^jA ^1 ^jl 


‘■uf'j ^ ^ J-^- ‘r^ 

4_*a J^>o 4-^?[j>- a2a jIia oj^A-'lll jjA jL^>- |>lJ5tX^! jl ji jli 


Silvanus Phillips Thompson, The Life of William Thomson, Baron : jJzJ\ (8) 
Kelvin of Largs, 2 vols. (London: [Macmillan], 1910), vol. 2, p. 11 25. 
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- j-Q, b-l wd LaI j ' /s\ \ ^jJ3 4_^*_a Lp| ^j| tjL) l-^a!^j23l 

jvJa_*_a L^Jd ool -Lij t ix ^-li-f L v2-jJj i. 4_Jw<>_t oL*_sj-j -iid-g-s 

aj_* Ids -ix*-l dd i'^hz.oj j j.la„xSl U »L>- ijji dl— ^"Sll 

^j-4 ( J-Sd *®. jd-d-xkJi jS I ijlJLlSl ds2J> ( j-e Ujx>- ol_*3 jlJl 


s» X 

c o3jd>-^ <3^,»*-«aJ Lol-P ljLjL>-i j-3 ^ J 

L V— L J*mt**m^ i - L— ^ I ^ | ^ ^ 9 

cJlS' j • u5 Ii^l jUJi ^iLta -L*j^ ^LaJl (_3 j^3 ^jj_^J} LsA>“ 

pI^>-^/I I -La LJLj L^>> 4-Ajl^Ji 4_> j^>cJl 11 Lo«gJ o^a 51 Ai 
jLp <_£l 4 Li<^xJ>- <J ^J>cJl A j-A ,*^o [60] 

^3 L l_<Sw &^kS i ldx >- JJ .j—dl j jdd_— > ( 4-1 jj— 0 d J-A (j-^ jl) ^->-! 

* e> f. 

£" jj li-ls-J t Jj-ij ^ Lx ji LxLia j^l! *— xjdOxI 

dM d^x>-Nl i jj i _y^3j o 1 |*Jj .dJJjJ Ubj _}L*JI 

j—j . ddlyg .aJl jJs> i ^p dJJ-i Aj«j ^J.,.,ia.>-_3 l j?*- L— • CJj -L*_> 

4_jl ^J>-l ** " ii *"* "-i oj^P ^4 dlx ^JL— d! JL— SI aids 7*- J —4 d^d*” 

.Lxjjix ( J~“ a (_$! (_5^-J ^ J^»5’l J— >«j>- JlLal (JL«>*X>^L 

/^o oJjj_4 ^A j _ aJ-w^VI J^»tjsjl f-\ j>-\ A^JjJsd (j! 

X ^ 

j a j5\ jii CJ jJl C5 4 Laljxl! (jlS - a j*5S *L2jLyj i 


(9) 


j s $\ ii j\^S d] ^1*4 Oxl- Oxiji-P 


tajLi^L A_LS-o'y i ( y* dr 4 tJ^-^-iJ 

i — jL— ' ill -L>-l jld .ajd>- v ill j»j-jIj^JI jUslOoI -UJx>o Ajil?- ^Jl t ^lla 

OljLoo-l \jj\z^>-\ flj^ljj_Jl tjd-S -LLf- 0 j-k£ jJL> Lo I j_S j-P 


Conant, 7V!e Overthrow of the Phlogiston Theory; the Chemical .' j la.,— ,;i (9) 

Revolution of 1775-1789, pp. 18-20. 
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( 10 ) 


( S ) 9 *dl ' (^J^d^S-Li 1 -wLaJ| 4-1 I ; ^0 , /? Lp ^ J : L , * 1 ^ *- , „ I 

di-id Jd* uI J_e- oU _jl jl ^ . t_u .. o o! L~Lp J-g-s 

j_>s-^_a (jl jv— L*J! ^J_P* jLj t A-Ll . */}. A C~jl_S' 4_J_a_*_il Cjl—alj-lJNl 
Jl t J-a>- lil tdJUi ?dol*Jl olj/Nlj ajjUJI oljL^-Nl 

ILoJ-lJ-oJI oUI^-p-J jl . aj l yS<*-Q-i ^ d— : >t_JJ 

J-Ol ijJl J ejj j^c> jv-L*JJ 4 jjj t oLs^JaJl dU-iSj l j*-*j^I j~i 

JiL>- dbLa Lgjl ^3 di - m ^ .L$jb ^jLdJI Ij 1)1 la JdJS j 

[61] (2U3j J jJ ^i-L^Jl b>->s-Jl (Jjlddo J> <1) Jb (_£dll ^-&l Jail 

j A-K~-kj 0.5 Jl t_£ jj ol LxdSba-j JjJbJl dUi bblJUj 

Juiljl J J-JJ V^Ji bn-djll (_sl_d5l ^j-dil Jb y» yr 

oU^Mi / j - 4 Jbb i JbJLj - d>JLJ! {ja 

j_Lo (jl j i _aLb ^ ,^.A) (jl bdSdj i dD dJ 4_>s_jL)b' j . cdb^jdllj 


K. K. Darrow, «Nuclear Fission, » Bell System Technical Journal : ^JkJ\ (10) 
(Short Hills, NJ), vol. 19 (1940), pp. 267-289. 


a d .j^a t ji la ,,., " . d U j}\ Aa-1 j_*j ( (Krypton) OjZ~j_jSI}\ ^scs- ) 

((Barium) ^»^jjLJ 1 Lai ,S.Xc>- ( L** j^ . a a ^tf-Ladl £^w?l (jl Uau j/1 badid" Jal 

Ida jji dUij ( C—>s_Ji ,^jA a j2»-da da*- jj> LoLwa-d j£- J_aa j3~jj ^(jLjl 

j ■/»*■ ■ ll (_^w* ja L ^5l3 ^pd-ij/l (Jjj>j.l jJ,[ Atadaj /^as Ja jl d LS” ( d>J0>- dS"^ ( , ^ '• «-ll 

dili J,..aai JddJI (_jal Ui J J«Jl j_2L_»^S' tj-e- uLS" ^ijl 


d di (_5^ C-a*&-Jl Jacij (dt-^Jl ^ (^a-d-ajll ^c_a Ldl ^ d dal 1 ^*jajLjl 

Id* ^) ./? a )J (LJ Ua jl 2ddd LjjdlpLa_j)) ! (ji ( l —* J l s- a_J^)Laa 

“yja «Ce, La, Ba» i_djj daLJl iki-l (jplidl) ^ (-U—Vi J5 jl y ...(d*dl 

ada^a d_j ( i <C <j»JI jd-dlj , y*,.,.iig..(-^— ■ Ld-^a^a ( Jl . ))((Th, Ac, RU)) 

pdtf- Adad-j! s^dl-1 Jd ^dada-c a J. a a 1 1 ad* j-*aj jl jJLaj j* ( aLj-^aJl |d-a-* 

‘ ^ la . 1 .DLaaLs- daxad dxa ^aij^j/l d-«d*a j) j-Ujj ,^_j^dl djJ_aJl 


Otto Hahn and Fritz Strassman, «Uber den Nachweis und das Verhalten der bei 
der Bestrahlung des Urans mittels Neutronen entstehenden Erdalkalimetalle,» 
Die Naturwissenschaften , vol. 37 (1939), p. 15. 
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yo j*sS j\ 3.) i u ji- Uoii 4_J^wJl ix-ji'yi u_sLJLxS1 

Oil yJl pJj'hH ^ 4_Jl*Jt< ^^Lp jili 4 AUjJ <olj 4 s>L»J-*Jl 

‘ilf.j™*^ Oj&\ 

0^— ! Sy>- 4 oILLlS'V i yp j-A-'ill LAiA 

.iijJaJi y> JilyuJI topaJL aJl^j ySU-> i-Ao ^1 t (Leyden jar) 

( J-^J L»-o jOSUl ySU ,LLtilO> j-a'yi (Jjl <y ^ Ua.yg .oJl ILA J.Xu Li 

f f. f. ■—• 

Puls’ LoJJLo 4j^la-'Jl I^j oLjj yJl oliLLxS^I <1 sIj 0^1 ur*" 
4 .^jIS y v^jlp ^ ilr^ 

c -X_i taj— ^*" L-p p,^ 1 1—3 1 ^ y ***^ ^ ol J Jj-r*-*' 

jJUJl yp C~4 >lJ J-S OuLS j-JLp ^-ullll 0 yjJl ^jljJl 4_i3~u2jJl 

oLjJaJ I4IS Ow*~-J oLj. Sa Jt jl j-j-P . aJL jJa il lLULu y,lL<<Jl 
ydl oL»J^I 4 oLAyl ^JJ aajLvJI ol jJuiJI (_yA3 .oLJui! jj 

oLjiij ^L»-L*J( jj t oLuxjjtj_J! t y 

.c-SlLLS'^! Jjj ji? ^ip Ol y° 4 4JLi! jO ^*P J pLalj 

yjJI y& oLp-Nt (wJLp! ^ uiULSNl Jlii ySS yJ 4 JU- J5 ^Jip j 

j-w 2 j 'j ' j ipL^xS*^ 1 ^ylaj *)li .SJiSyJl j sS* pLabJl paS jj 

ipLwP Lao Pi ^ aJI 4j yspJl ^lygj LaJJiP' 'blj 4j^.ia,'Jl 

. yxiflu 1 L>yLst>cj 

^t_«"!>L«-!lj oJ_*> 0 LS ys^yu 0^-J ®y^" 4— il-.L i .Sl <1)| 

iibjs ySu ^%J t pjl Ju (_ys y® l A l~^L?-'y Jj LS yJl <_$ y 5- ^! 

»* 

j 4uiUi y« Mj-> jlSj .^yLy^J! iL— >=~ii Jp»-Ij j^-iuilj-j 

** w 

LsaaaO 'L^— ‘uS” 1 «■<? 1 ^*<1 4 Lj ^Jg .^ 1 i 4 Lo <jl^ 

jiaJl ^ eJj>-ij ^1 j*-! J J j-s^ jJt 

,<< e> y 

l^i_Ls^o lLU^ oLS"^ .!jj>- !j-«^ L^ysJg-o 4»i2jjL>T_<>J i 4 ^jL> j^-5sJ! 

oLijlS "^ 1 4^yijj>=Jl cj jij ^iJl j-Ji ^Ss* l2j*)1 L>- ^y* 

& Lj j ^ ^^-1 I A^S^3 iuW W ^3 ! ^i*aJ Lj J ^ { ^— 1 I ^ ^ ^ I3 . y -AuS-i fl 


136 



f. * ? 

ijjbt-o ^Jl I ^j-o p-L*j £ ,e oJl i c ‘AjLwj 

f-LJL o^jJ _*_« e iSL^L bi-taj ob-b-j ^ Jib Jl 
[62] ^l^fS jJj^ y> <_J-LL J-^j-* £° lJ^ J-*=rj (*-fc^ 
jl) obJl ( _ r w<J 4 jb' J ’-b]l o-Nj-a ( j-» Jj>-!j , lb Jjb- b-LLPj .Ja^JLi 
^*-b C J^l ^j-P 0 j>Jl ibJ -Lx_> 4jlJJaJl o-L-j bbJL) Jj_v 2 Ju /2 
^y>- ^j-bLj^SJJ ji j.) JjVl i — .>jbsJl dLLj (jl j*£- .b^S b-Ly2j 
(_^~° <Jj-aJl jUt^J! ^j-o t jv> . f- 1?. . > jl^->Jl Jib j-^..]g -Lis .ojlJ 
c-_AS Jil—J! d)^>J A-Jj*y! oM jU^-JU .asLbiSI 

I ^J_P j*-A_J ^*— L-> 0 i_*fiJl 4^-b-jJl lj_L»^»- ^j-jLs-bJl (j'y 
d)l v_~jo oj^Jl <1)1 ij-a-Lo ol t j~iL J ^Sdl p Jljj *^| jlS j .d)jia!j 

^jSJ JiLJl d)ij clb j! c ( _JSJ:>j t ypjb- J-s^ j-o f=-*!As»- LgJ o_^SJ 

-Lis (jjJ- o y>- o j^-iJ ^ JJI bl .o ^c»JI ^S Li^>t-a 4 j2_JL>*JI ^s 

JlS’ C-jLSS 4bt>=-J! obbbxJl .r?*- 4 <_$* b JlSb ^s 
.<_£ jb-l £JS ^5 ^JlP O^b- jbT i^JLsJ^ j cob j£> (J-Ui Ula 

jJbJ! jlSj c o j^b c-o! ^Jl 1 — ^jbeJl (1)U cbl-ta 

c-wixsl i—jjbxbl LbJ ebb c LgJ-o j-iSUl ^jp-l -Ls /^iSbl ji 

JwolS j*_*_oIj-j (Jjl O _^Sj bU-Lj cJibJl 4a jJal J bj-b>- 4_*_>-l jA 

. (n) oL^S0j 

Jlp- (_JJ. 4 (_£-* 4-4.1 L*J I 4j*>bJl aJLLo^lJ iS ^xb-aJl j/Oi b o. ll (jl 


I. Bernard Cohen, : cojlJ 5 jb j_JaJ CLLio J^i y> (11) 

Franklin and Newton;, an Inquiry into Speculative Newtonian Experimental Science 
and Franklin’s Work in Electricity as an Example Thereof, Memoirs of the 
American Philosophical Society; v. 43 (Philadelphia: [American Philosophical 
Society], 1956), pp. 385-386, 400-406, 452-467 and 506-507. 

Whittaker, A History of the Theories of Aether and : Li j e j_* L_L>- ^il 

Electricity, pp. 50-52. 
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AJtOlJI ^j]\ A»A.y g .Jl ( J_0> J~»Jl JajJJ jjLk-a) jy*-~0 j\ j-y^ 
aJuJL^- ^Ijjl l^Oa j^. la 7 L^JLS’ oliUbbjll ^^Lob- 4(4jt4joJl 

<Ub- 4 jj>- ^ .o J l ^P jJl 1 l. Q > j 1 oOft ^<*-0)^ .j-£al J ^ 3 1 

^jdO-a i>jr U- J-J-atj S-cj l J-£\j}\ jj-fJ aj t^ijJ j*d-P 

^_a I— Jlp* j^4l^jO> 4 cj >■ ^_> 4 eS Jj~' *■» A J 50 &LdOa-Jl 

t j^ajl.^.>tJl aj_» jl ^ip- ,J_J4 4 _»Jj • jt-*-Ol j-jJl o'y j-ja ^^4 jajULa 

^*jp a — Jjb* j .L^-ib i)lj4Nl obaP- <*-**1? 40 ^j»a L^jb 

<Joa t J^sas! jj»cj ^^Ip 42_£-aJl ^-jLb- *""* j - ^ ^ 

jjJJl 1 (Postman) jlooajjj (Bruner) jj-^ jU-JL*J! 

0*j i— odd! i_jljjl ( y* 4JoJb« op jj ol 4 j jJxilS l»_g^Ap OjjA>4 

s' # 

/jj* ^oSdl jlbj .dpi ^JL> La 5d«<aJl v24 dp j& ^ ^ -Ip l^i <|^? ^p 

L^J J-O £P jidJ N (_^4 J-*4>- jl tlj^U- JjljjjM 

4_*_tjl 44jJJ a- 1 jAS>- ^ j jJOj 420 j_i 44 JJ -i)ldP 4 *>ljL« 4 o4Ll*_«Jl [63] 
Jp oO>-lj 44jj (jj* jP ^ 4«o ejj4 Jb obJUj .<abj_v>i (_5jbj4 

4> 

^|b” d-^-1^ .1— ^tJ^dj odjl^— a . yfi ^ ^P* 4— l.... j 1 1 i,l ^ — 3 C— Id 4^ 4 dpj^ 

^j— idjdpamd— ' SjjdJl ^-gO-lJ 4 olj L » , P cJL—w) ^^2-br— JL-ll jib* (h* 3 ^-P 


( 12 ) 


lOa 


( j4?b>c-d')/l {jA djdjaJl jbdaJ 4 cd-a ^j>Jj_*Jl ^viul ^^4 J 

4j_Jj “dLlj A*JJ ^ la »-a djJjd) /ya 4j IjrJ i 

od_A O-i LS" d_Sj .UfcjLjjL>sJ 4 j_« j*_^_*_w»_?- I j_L^w»_j j_*JI 3J— a 

(dlj^^l jl J-P 4 AjpLxil cdljj^l 4_wOJlj 4 Oil Jj-L>oJi 

• J OaO jl jJfcUi 44 jj jj4 jj^a Aj4Lp LgJlS’j 04dj>- di 4 Aj4LaJ| j-P 
A-a-ijVl (^jldjdJl -_4 ^1 0>b iijjJl Oa4J_?- 4(JLfoJl ^^03 


Jerome S. Bruner and Leo Postman, «On the Perception of : j. La ;! (12) 

Incongruity: A Paradigm,» Journal of Personality, vol. 18 (1949), pp, 206-223. 
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ijS ^ j Oji jl a*jjI 1§jT ( _ ? U- e-bj^Jl 

^xJl Aj j-$\jiJ 1 cI-j'V ^JL<J 1 4 4 43 j jJl Cl— ■ t 

(1)1 (J <1)1 >^—> JuJ>-^_j 'V 4_)i .4 JLjIww*j 4-j ^_>c_j 1— $— Ji-LpI 

* *> Q. p. 

.0^3.J->- U-P LcLlPt_>3 l)L*_*^> l^i^j *A3 4 j ( y*^L>Jl i->c^-*) V I 
33 ^nJL> ^^L>c_j»VI \>Xj (. 4j3L*JI l^Ijj?^! 4-j3 j~* fv j-*-> S 3 U 3 
p. ^ >/? Jli c • a3jfc ^3 ^J_p & j_^LiaJ jL^-UL * J 

C jJLwvj 4JL^u 43 jj lLUJ ! £-1 jJUv-JI 41-^Jl 43 jj ^ 3 ? j_P -L*j 

Lo^S" . f\ 3^jj>- 4 J 3 0 ^JJli _ l^s L« Uaj>^ i3LvA ( L r SU 

p ^ p ^ p 

^Ji-^4 { y$L^J jl 4 LI j.h ^ ./ ?\j jXS 1 l33jJ 

1 LjU>t 3 a j j.yaD LiLa-lj t ^3 1 L^arLJ ( j— *-Ll>JI ^al>i— ijM 

^LSJl 3 ; iiLta ^ ip OJ*>lp .33 y jj3 ^j_a -LiJptjJl ,jy 

03l3jl t AobJI j*S- I_jljj*yi ya Ajjlj j\ jj-lol yfi j *- > ( J-a_*Jl lj_£j 

jj-a J—J_3 3J_P -llU-A jli' j . jLJl3 £ j_pjll (_jljjVl JuJl>*J bj_*_va 
jpj> Aj ^I kJI Lf-’^L-Jl \y ljul I ySLaJLi jvJ ^jjjJI 

(_£jj j .,<?, Il ( j^a j_»Jl <Jj_*_« 1 8 jj— -*-)jl ‘^~*~ > . . Ajj_4jiJ| 

Aj 3 L*J| ^*P L?ljj*^l LL Ojli C l^.T.S.,3>- i _ ? ip 4 j 3L*JS (_jljj^l — 

^ p ^ ^ Sr J* 

^jlp Lo LJlpj> ,4UJl ^3 0 ^jA LoL^? 1 wLjJj>c_> 3 Jc>o ^ 1 


’G^ 


,l3U>- 


J^3>~ 1 yAJ3S^ I ^_)j_il 


i^^jJJI iijj i -^-’ j*-5 t _5^- s .OjIS" i l&wbJ^J ^jP (_y*p 

iijj ojli jl 1—3 J&\ Nj jSlI L^j J-! b 1 y-i j£>\ 'y Ljlj .8 ^-aJl jJJj 

[64] <tUp OjSLs L>P jS/l Jilla A3 jj ^1 

jl i5^- ^bJl J-vaiJl ^ (13 ) «! ( _ s ^J| Li Aijj Sjj-2> 


J5l» *Lfl^»Al Ai^»» Aj\ ijL»JL*»jj l * 218 ( j-s? 1 4_v^aJ j 3 . ya ll ! jiaj! (13) 

j’S' j&\ jjti ^JLiUajdJ j*s> cil y i a '*^ ( 3- t jiU^ U> 

•c2*Al?Nl ^S' 
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j\ Lgol ^J-P 4^>- ^5-L^Jl 4j j_>tjJi cli-lj UjJa_! 

f* ^ p 

4_L>~p ^/^p Lcij J lia~^o Ualaiua ji y l^j|i 4 (J- 2 -*-!! Lgjl 

j^iaj N 4 4 _j*JJ! c3jj Ajj^tj ^ LaJi 4 ^_L*Ji ^yis .^^o-LuJl kit tsS^'l 

Loj .CjLuJjj L^j'Jip! X*i> 4 iajliLw ^b'tXj 1 4j jA^aj Ni ■AjJj*J1 

oj^l* ^ jA jJSl I Jjl ^ ojL^I y 

jl Jj ^1 £~ujl 4i jAi ol j~P .LoIaJI j^P a j^UaJl oJ^L^a Lg_J y~\sj 
iS J^~ 4i Jaj jJ LgJi jl e^lali*- ^^-P j L^IP ^->*y 

AjiUJI ^P ^-9 ^»*XP kJljj ^J&liai ^P ^Jl o| ■ *}L*3 LLl>xJI 4^ 

C)\S y , Jjl f^iJl ^^_j2j <j! Jl 4j j5odi j-LaJl L^_J kXju a jIS ^l)L4j 

4 Sa . a 1 . 1 1 oj_A JJ_Pj . y~o j! a^^JL!! j_& 4 Uj\ ^2 4 (_^jLp j— P 

aJ_<>«*JI cLUj L)1 o-iS’l j! ^J (JU- jjj Jjj 4_iLiJii^n Uj^Lj 

p / p 

a J_)wb>j| aL_Ja Vl j ^2 ^JJ^taL) 1 La <l_Ajj,P j\ 

4 4Jl^JI L51j.iL <ul ^yil 0*^1 ^w»il oi ^ l^>t_o-w*i!j .1^15 Ajj-fcj^tJl 

4 4_£pL*Ji j*_L*Jl Jj*j>cj 4^JJ! „J| AjJijj lj_o (jl AjLgjJi ^j2 LuSLaJ 

^L-al __J-k 4J -1 ^LwJw^M ( j-« i—Sk l . ^ . X .kkkj ^ 4^LJl kjlLL-wjaJl y&J 

.L&jl^Jbl 'b/L *2 4Aji-lJ! y L^-oiJs 

(Jjl ^ilL) 4^“*J Otp jyAjt . Jl (1) 1 J,^ 2 ^ i '- > -La-P ^2 

< jjL»tJlj olki4sLiw<Jl 4 ^L>ii)oj 4 <uL j j-*-L> jjs 

-L)j-a-ii ^pA)u«kj (LiJjJ ^ ,^_l_«j| iklU^ ^k-ajLa-a 0 

y* OtJ jJjJaJj 4 <A»3i Cj|ju>4_a aLo 4A_ljlp aj j :H a.iJ 4 j J-lg..lSl ( j_a 
^Lp jJ-Lij Olj A^JaJo^j 4 otjL^Jl j LsPlixJl oLjiJ ia .,tf ktJl 

<. (_£2y cilij .<jiL*Jl iabJl L^JaLa-jL l^,Tg A^La y> Jbij)La y>c. j 

0 j~^ LajLLa ^Jlj 4j»JL*Jl Aj j jJ -^JLj ^Jl 4 <LgJ>- 

4 (_£ ^j>-l A^J»- .w^jljXA J5 LXo lJu>L>- j»_ 1*J! klUJu J j-LI 
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oLjL>I L^-Jj jJI 4_>- J_> ^xJl J_UL-<Jl ^3 J 4 p-LxJl ljJL> 

la ^fljliaJl ^3 431j wIjLo j_L*-OwU * ,/?Ai ^il 4 4P ^<»->c_^J! 

ctU^J .(_£ ^j>-I ^-3 (^L> LgJ jw3L> ^-S\_^_J "V 4 4 _j 0 J_A LJ^oJ I 

4_jlJJl L<i_^_) J^li J-*-L) lo-^J ^Ajllg'Sl ^J_jLiJl ^3 43J_li ^ J-w2aJ| 

L*»L*jI _jl^j>cJl Oj}-^ ^<>-3 *Io-j!3 ^-JIp l )^-^ 0 ^ 

4jl$Ji ^3 4 lS^J"* ^-jl^Ji <1)1 (jiCoJ ^ 4 4-*-3 jJLa 

<oLp Jjwb>tJl ^ Is i ^ 4jL^_>Jl laJ-LP ^j^-j .JuJu>Jl \ 

-iSjJj <1)1 ‘CSCw 4 £l 3 jJo o'! 4w^J>o 1<J 4 j 0-<3 jJl 413 j*-o-> 4 jJl 

^^Lp ^1 J £.3 jlJl ^-lP 4-!l>- <jj .lki>- 4^4 -Lp [ j-^ -13 la ol 

^ ^ p 

'^l>c-‘i J-*_ilj A 3 .i ^iS”i j-Jl <->^ LaJ-So La> j 3 jJ <UjU _ i- 

^y5"! 4 ^wLp S^aLIp ^J»p 0 ^ Ci?4il d)LS" 

<L>,iL*J! aJL>JI (_y9j jJl ^jJUL LijJj 4oy_*«^»- 

J^S"I a>-j J-p LgjLySl SAJli yfcdl <jj^j t oLyS'yJ 

d) j_SL) 'i/ jt-Kjilj-Jl ^»1 >Looj! oL> JoS’bJI j ^J.,,.,4? a 11 

4 j*_* j5o , j->~’. ( jJ «-ULJl oLi yj i 5-ajLioJ! uli 4 aj i 

J-*-^^ 4 j <J\ (-Pj^ 4 >^' £fj^' y* 1 '^ 4>lj 

4 p -^ 5 ^4-i-P Aj2*Jl>- (j| ^X>- A^Lajl A5 ^3 

J-Jj ^1 jjt> o| A-^iJ clJ jJl ^ iXe- ol 0 jiC; L» LJIp j 
c 5 Jlp (^jJl JLyCJl 4LPUJ! jJuJJ AjjJlSI ^oliJl Ajt^JaJl i _ r L p 
^_ 5 ^i ( 3 ^ ^4-LJjJiJI Li-llwwoJl t^Ul 4 jj 


,4j)^ o 
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VII 


tfLfalaJl QUjiru.ll 


J_^aAil ^3 L^Uo Lj jJsj ^lil U-iS *— | liLOlS''yi O-jIS 

CU-iLSj .4 _jjJ_?~ ^Jl CJ.ll oLal ^ »#\ j\ t j_J( uL— j 

j* *» p „ 

*>Li?3 t Usj! oULilS”'yS o-La l_g_J_P O jjajl U-iS' ol j~-*x!l 

jjJJL<*-> jU i JJc>J -iJ * a LOxS”' N i/ 1 j j^j d)t J_*_^3 .Se-LL Lg-ij^ j_p 

Ij j-— j 2 j (1)1 jl 4 4 ■ » . . la 11 j^\ j.igl l £^ij1 ^ j>t-a Ij_LL*j jl a-Lo-UJl 

»> ^ ^ 

p-J (_^5Jl jJJi j-SU .LajUc U_l» i_i j j_*_«J! j_a Lvij»_i j-~S^I iiJj 

jl A-ijUvJl 4_ill_*_l! 4Cjl-)_aC-*_«Jl J_P ^J_>cJLj ,j_iL>cC_> 

JjLJI oLij^U JIj_jc*Ij 1 4_^Aj o-3jJI io1*1jjj-NI 

jjil j£ J~_aJl I -La ^y> oNlio! ol xxa jj Ji cxS j .<_£ J>-\ oil j5-Loj 

l«J ^jdl jiij *LccuLi 4 (j^l*Jl jt-UJl j~s- cjliUcS^/l JS' 

jl j-*-P . LgjLw^LjSCj ^ L^C_L«_>t-) ij*_i jJLo C— jLSo 4 4 JLa-LjL<i J_5Lj 

oe-LcJl j 4_a!JL^Jl o1j_wJclU 6 J >- jJl jiLva-^Jl oliLJLiS' v ill 

C->VL2-Xj v l/ 1 ^3 ^JacJU I J_o t_3 “ 4 ^j...va.<?il 1 -La ^3j .CjU-i-jAl j_»iJ 

,aJjw\->* CjL jJaj ^4-AjI i jJl 4 0-llp ^-S”V ! I ^-) Sj 4 4^_il_lLoJi 

{JUs*o ^3 Sj ^ii)Jlj £jl jJl jl j_j-Lp UjUj jl_A j-Jl 1jL«JL3 jl -A-*-) j 
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<Ujb aj t aJ_>L»_Xoi C — 4 4_jLiLx5Nl Lii-J-LSj 4 

P ^ P 

<j[j) . jS>-Vl ^y*£2J)}>\j l_L& /^o ,k )\i»-ljj £3 (1)1 LxSL>-> 4 A^c*ji23^ 

^ ,-i— w *~ v “^ yJ ^JUJI jL I I ^-il 

JJ 23 .4jLuoL>- 4 J l dJJ 3 J-*j Olj 4 ^-w>t-w^5'j s ^l 

~L*-J 4»LjIJL k3 j_*» 4 ^LsLxSl <ul (_5*^ Sfl ji ^3^-*-*’ 

«* 

o j-^» 4 Jj>* c->UjIaj j L^>JU-<wj .(LpIajI ajLipL) J 4 J 3 

0 p, w 

JJ>-1JAL]I j 4 bXl^ Jb £-J J . LsAil l_jLjLlS' > )U [«.<4.gJ) £-^cjO (jl E-J-P 

J..va.aJi Lg,.,. s j.la.‘«.!t jv-j oLiLJbcb*)/! £Mjol 0 |j 
(j-C- ^jJ-w> 4 JiVt ^^-Lp ai^oLxJ IfXoi -lP~ij J5 4 ^rib j*J 4 j-bYl 
4 (Newtonian) ejjiil JJu 4 arjLJujJJI JUbt 

j* aJjj—^ l j£j jJ L^jl Lo . (Einsteinian) 4^La_50lj 

OjS ^J*cJ| Aj jh> j\ 4 ^OiJi a 1 Ajjlflj L^JwjAOul jjl 4—“^ 

o! j^JcJl a jja jl £_s 4 4^vjJs>lo*-« J^\ Jo j-i~S"L» Ao ^Ja J _^l 4 4*_abj_Lll 

LlJo bl ^Sv-oo 1 _ib^i .42 C-ol5" LgoV 40 !^! Ji! 4^Jlb 
^Jl a_^_>-^j (_gaJl JaLiaJ! 4 (_£pL*J1 ^_L*-H l y/> aJ_& Jjl« 4ioljjJaj 

a^j >- jj ^joi Jil LgjLol 


[67] 


P ^ 

^Ijot jj-g-W ^ t jj-i ^ijj fJ-P 4 ^jNL>- j_^Pj jlS" lilj 

P ^ ^ P P , 

^LLowd L^j 0^ (J «Aj>-I 4 oJjJ>- 

(J J 2 ~ J .l^Jj-3 jVfSooo AojJajJl 4^olj^JcJl J-So) iSJ3j^ > j-i jJfc 

cx-jtS” wXi! .Lis' L>- j ^c.^1 j ^jjLJI J-JjJi ol 4 < \Jg tf . j I 0wLft 

(J^Lpl 4 <U>s>wgj2.]l 4 jLu>j j-o-JJ^Jl cSAJl>sJ I p-lp 5Jl>- 

<S jj>3 1 ^^3 j-Jwjl3 vX^L^L^aj! nXj-L-^XP I 4dJJ*iS . <Xj jia_) 

^ L^jlLjSI ^X^L I^L^xpI 


Alfred Rupert Hall, The Scientific Revolution, 1500-1800; the Formation of (1) 
the Modern Scientific Attitude (London; New York: [Longmans, Green], 1954), p. 16. 
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J * y-Js. ll y^-> j-li-> CjLJLj JJL$ « j Jfl 

/*-*-Ol j*Jl J (Jr?^ lI^Ij jia. ‘ Jl (ji-) L—3 1 

Aj jJiJ I ol L*-S* 4 <— Si (JjJa JX*J <1)1 1 ^-XSCo-j Owl>*!^ J-C' Jw<>-1^> 

o J-&-& \-&X£> 0^P>l Cyj^ 3 ^"i J 0-L>- *Uj>- 

^_> jJkLla j'JL ^Jw^aJl ^3 j_l_!l ^-XS' CL^)1 L>- <J y->~ ^-L-fiJi 

(3) 

w\_l^ Jo23 » g— -— : A^^Jau ^ ^ Jw£* ^ * /? -)! ^3 L i la. 3 « * i*) 1 ^ 3^ j) ii i<i. ^ s_ 1 1 


(Jj-i)l Lj-L>-j ^_JLoLsJ^ 3 j-lsu t j- 4 <Uj1 jj>Jl LSwoUujJl 

l^L j-x vaJl £^j_>l ( j-^ ^%-^vJi LSLol5s-^o ^J_p L*l->j t jJxs' £-»-oLJl 
fij~^UaJlj 4 4-s_PjjJl C->ljlj->Jl £La_J.L cJaL>“l 

1j.p Lo l Lg-l? o'ybJl oJ_a tidUS (_5^ 5 j*>Ip 


Marshall Clagett, The Science of Mechanics in the Middle Ages, (2) 
University of Wisconsin Publications in Medieval Science; 4 (Madison, Wiss.: 
University of Wisconsin Press, 1959), parts ii-iii. 

Alexandre : ^ i _j~l JU jSl2 ^ jJI jj-^ 2 -«Jl ^ b-Lp <Sy.y$ •' 

Koyre, Etudes galileennes , Actualites scientifiques et industrielles; 852-854, 3 vols 
(Paris: Hermann, 1939), vol. 1: A I'aube de la science classique. 

Thomas S. Kuhn, «Newton’s Optical Papers, » : jJkJl tjJ jL J-p (3) 

in: Isaac Newton, Isaac Newton's Papers and Letters on Natural Philosophy, and 
Related Documents , Edited with a General Introduction by I. Bernard Cohen; 
Assisted by Robert E. Schofield [et al.] (Cambridge: [Cambridge University Press], 
1958), pp. 27-45. 

Edmund Taylor Whittaker, A History of the : Ja>\ t &»- _>il L f&tll -Ugi Jp 
Theories of Aether and Electricity, 2 vols. Rev. and enl. ed. (London; New York: 
[T. Nelson, 1951- 1953]), vol. 1: The Classical Theories, pp. 94-109, and William 
Whewell. History of the Inductive Sciences, from the Earliest to the Present Time, 
3 vols., New ed. (London: [J. W. Parker], 1847), vol. 2, pp. 396-466. 

Silvanus Phillips Thompson, The : jTl I t Ujl jJ-\ ISw-^b-jjJl fys- (4) 

Life of William Thomson, Baron Kelvin of Largs , 2 vols. (London: [Macmillan], 
= 1910), vol. 1, pp. 266-281. 
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J C LL J-L OwUj o'i'L*- ^^P-J j»ta i 4J L>ej! 

^xjl <JjJL>Ji i J L ^.6.,/Sj (jt a^aJ! /jLa-J 1 Lj 5 LUJl*j" 

oL jlkj jj ^_L> .a^Lli >3 4 -«jI 4 JL>- ^3 OoLS" Lg_)L a_> 

j-*^-*-J J ** j*— j-J-J J I j~ woJ-j -LLlJLj oLS aJ_jJ„>- 

i^L«J C~>LS" JjtS t (_£.sL*Jl jtJLxJl ^3 oJjk2L*.<Jl CjLJNIj CJ*)VSLjLa-U 

^jSLaj Loj . JlaLM J^-a Qr 0 ® <■ LaLft ajj^a - ij 

«* ft ft 

^LiJ>-| /^_4 j»J_p cjLS* AJi 3 t «• j-o-Jl ^- 3 ^-Xj o^ [ 68 ] 

* 0 ft 

<L)LS J La.S' j j g,!g )i ^3 LjL lilies (_£jL*JI J_*Jl ol— 

,a_Xj.dj>- S^\jA cLjt-JJ AajJLaJl AjIjLaa 4^jusj! -Lftl ! JJL& 


c^*jiljjl j-~*J oNL?- t j- a ‘W’U’-J o^.,^.-a LiL>- Jj 'V jl jliLJJ 
wLLsJI Lft- t-a,XL *-3 .^^-u^o^SLil clLLoJl ^-Lp j ^. 4 -- L ^ I 

<J^L>- j jJa L« Jjl t j-o-Jj-Ja.-Jl ^UijJt <_£ I t 4J J[_>L~Jl 

LIS' <■ L>-aj^j ^j-jjJiJij LrL^ 1 0^ >!' 

^ 0 ^.v^l j-r^l ^3 cJ^*^ 3 

^ J 4 ^L>ejJl JjL<j*j ^L£ ^UflJ Jj>-^J pJj .4 _Sl^5\-!lj 

5 dJUUJI pJ L p 3 'ii 

CjljJJ OjIS -Lb a -SljSLM Ji A—vjjL Lai . Lallta>c-a 4_„ J j2j 

: 7~ '-J>--Jt /^S\J . 03 ^>sJl L-— >" ^-a ^>j j-> cJ^*° '— ^ 

J! a ...JJuL .lj LLalS" U>-L»o iJbl V “Cwa-L*Jl Aj J iUJ 


Ou J Jl ^j_j! JjLP-L/ i oj^il — aj S"1 ^j_5CJ ^ £_^lj_a 

/jLal < _ 5 ^J( ol-L&LL^Ji Jsft> si ^-a 4-fljlL?I^ ( J^1 j_a_JJau ^Uaj olj-Jj 

C-'l-Sj j_iJl ciU-J l j_a (J^LiLM j_a J_SLja *A-Sj . L^-J-P (J ^_sAS_>ilJ| 


Fritz Reiche, The Quantum Theory , Trans, by H. S. : yij I . JLii i ^JiJ Jj- ^>U=^U = 
Fiatfield and Henry L. Brose (London: [Methuen and Co.], 1922), chaps, i-ii. 
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L yd\ ^pUJl c-w>s-JJ <u^j> j]\ o>l>\5LlLoJI *Aj~^-*_11 3 

aJjL>^ O j3j loJlLa LoLoJ 4 y *Li-L>- y> OjyS Lg-£J>-I j 

A_o jj Aj j-lajJl j Aj^L<^--vJl oJ^LJLoJI £^b>cJl 1 4 _^jLaL-4 

.yis> 0 yd i ^ *lil>- o^j>-Ij ijy^d\ o^ASLJla 

dUo <1)L y^^dd Ji* 0-$ ^Jl ^*51151 <i)\S j 

* y* y±~dda^ >alla_} { y I C-o! ^xil lLUj 4_>cj>-U d) jSdi^> u^^y^L>c_oJl 

<1)j3 y* 4 yjj$\S o j-^LLaJl <1)15 4 La (_^l yS\ sy^j y?\ yL$\ 

y ^d d^j ^liaj U * \y>~\ yj jib I y& 4jJl^l 4 ^ $t)L3>-l 

j la.it ya djlibL c^j-^jJl Cj^dj .4-5' j^>Jl j >\ jjJL ^^L>5i 

0 y^ds> L^_> ja li yd 1 4 L*J 1 ^5->c-J I o'y j U^<J 3 j^->- V I ^>c_j 5 I J I 
N Loo ^oL jLj! j_ 3 pJ L p wL 5-*_> <jl ol 4 L j^-.JlS' 

^pj^j <1)5 <1)155 ^3 ^1 j - ^ i!L>- ^>- ■>/•? ; <1)1 j 4 ‘di.i /p 

■ (5) y oi&> j' (j\ j^\ j>y 


[69] 


^jd\ 3j_*_j L_Lta 3 jJ> J 4 p- jg. A > Nl oli j_*-*/2-Jl oj-A ijjJo j*J j 

<JL/2jN 1 ^Jl_j 4 ^SLLill juLdl cioLv^l 3 j ^55 3 <^_>-jL>- c^LpUa^l 

* <^_y ^Jl <1)1 C— J Ls ^j_SCJj . A_pLJaJl ^3 ^-iLLajI yy 

cuJllJl j jJLlI Jj! ^ 4 j-5UJl (Alfonso) j_~L jJJl 0LS5L jL^i 

£ •* c- 

<ua_L>- -Llp ajL*L_x_^wl wL$ l)L5 <lUI <1)1 jj 4 JI ^AoL3 jJl*., <1)1 4 y ^s* 

cib <• jLs* ( j^iiL3l o jiil ^ 3 j .0 ^>- 4j>» , .,^ 3 i o> oLSvJ t j»JLaJI 

<j! t (Domenico da Novara) Ijlijj b jSLoji 

* s» f, 

I 4-* •■■ b ! j-i ( j (J 1 ^5bw b/ , l ,b i LLa_j 


John Louis Emil Dreyer, ,4 History of Astronomy from Thales to 1 j 'J (5) 

Kepler, Formerly Titled History of the planetary systems from Thales to Kepler , 
Rev. with a Foreword by W. H. Stahl, 2 nd cd. (New York: [Dover Publications], 
1953), chaps, xi-xii. 
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* — ;LSC! 4>jJJLo ^3 jjjS <^sS U5 . &Z3 3 j_p j 

ajL^J 4 jl>o j^-i <£jj iS^\ ^^LliJl jJUJl jl De Revolutionibus 

^oLwvJl <j jJL!| {jA ^JjVl ^ J^> 

j yS jJu I yS>- b ^-JlJLiJl J-^ail 3b jl j-t^ 

. L^J^-P AjJ-J_Alj| 4j^>VSjj^ ^i_P AjL^wJaj ^3 ^5LL2J\ 

i*-*-oi j-Ji ^a* jj^jS ^jji3 jj j^y l.jj iiij3*vi djj^ jiSj 

Jl>-I j3 yi AS-a JJLd jljj ^ ^ .-\j«X>~ jJ>-i ^ L - ‘ ^ j^J ^AA»^-o^,3Jg.^ 1 1 

cjL^^'yi Jj>- ^ ^3l*Jl JpLs^jJI jL^Jl (jSvj j%J t L*_Js> j 

4j>cJ li . ^y> ^Sjj y.^ J A*S^La}\ \sS>~ y^ I j*/> ' * JX. Jl 

ol>ji ^3 ^pL^NI JaJw^Jl 4 Ljul c^ji^Lj t^i j^jj a_^ajj_<J| 

I JJLp N I oj^Lwfl A^>x^>-\ ^Jw*j>* ^JJi h . » -* /? _ ! ' y&J c ^_j jJLxJl 

f- * C- t- 

Jlx^I Ls^ j-P (jl jJ-b ^J| wJLsAj Oj Aj>x_L<> 

4 l$j jZl!>\ ^3 j-la-w^jl jLjLP^ i -b»-lj 

jw2_p (New Platonism) o_>Ju>Jl j-U^AiVl ^-aJuJI j j_^_k j 
ur J i ^\ j L - fA 1 1 jl .Lv2jI (_5 < uj>tljj L> ^w^Llpj c a •>. /? ^ j ' 
j%J-P jlSj - ^-s^L> j*J-P ^b>- t^J j^-o-P Jbs»^L> (^ jJl y& ^J Ja .A A A> 

Jju ^L^“jl>cJl J- 4 I j_*Jl j - jt-jJ-i)l lJ-A ^JL J 3 «NilLJl 

4 jL^j'yi C^3j JjJ->o ^3 ^-vjL^jI ^|5s_JL) <L^-^>3 o*Apl O i -^- ) 

Lftl*^j| ^Jhju oJ-A jV 4 4jjia3 -^ j 4 aS \ J 

t t ** 

t A-o.,.J a g 4_^_&l w'li ^jjJl |J_A JjL««^o <j jv_PjJL)J .Ls/?lJ»- 

.4JjL>s^j! ajjn l^jU 


Thomas S. Kuhn, The Copernican Revolution; Planetary ’. j la_ il (6) 

Astronomy in the Development of Western Thought (Cambridge, MA: [Harvard 
University Press], 1957), pp. 135-43. 
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UL>- L>c-v^l j *iJI jl 4i*Lta oLS" W 

Oj^l j_&J 4 4_^2 _L>t_^ 4Jv5U 4<1)L ^3l O J y>wLl3 4 4^Sooyj_SsJ| 

•l5^ j^-^L <W^L>j! 4 4_o jl j_3*)U Ajj_la_> C^u yiJt 

[70] ~L*J gJu-Lp j-P jJ^S' y^lidl L) ysJl ^jr* ^y*3 

(Jy>- jl <Jjp>- tJ ^ jj-Jl {J-^^-t yj 4 s^LowSOl ^*-Lp ^3 4-0 jl 

Lo*^J yd^Lp ^y>-J ^J_P 4 y^J L^lo*_&l 

4jL**wJ^ 4 J? ^_i*_v2_oJ! *1 jfr-^-Jl 5>L— Jg . 1 w<jk_A>J 4 A_^?Li>“ 4 _wO_aI 

^LJl jyUl IwU jS JjNl J^oIaJI ^l-jjLj jlSj .(jlJjVl oIS^Lp 

.^yL-^wxJl wo y»tlJl ,y t \ ^gJl ^j^iaj j-aIuP 

o^j>-I ya y^T .iJ-P j ^j>w 2 -<Jl <JJJj (JU>-^-w*»l J-*jj 4^1111 j yiSl yj 

C- y y & 

( 1 )L> l~\jlj 1 yS'j-Li L)1 L- 5 ^i L) yoLowSOl y ^ ^-^ - y ^ .oJi P-lyjJl 

0 * p. 

X3j . L_ ; w<ws-SC_3 \ 0*)LpLijL)l ^-2 iJg •*".- > ^LoLp OjS^j <Ji Jo ^ *\ y^Jl 

y>a .J_ w>* y!l ^yjJl yA £-1 y^.1 i <l)l_i p— A ^ IjJLLP 1 <1) yo L-w^Sv-i 1 yaJLwl 

N <1)1 ySoo-J 0 j J-o2J *L/2 _^Lp C-JlS - <lLJ» 3 oUb-lI-^1 *>L>- La 4jLkJl 
yyy- yo yw*ji!l <1)1 JuLJl ^LiipNl <l)LSj .li^Ltl c^l^Lu^w*! o y^L 
^iDi yo2j>- jJj 4 L*^oLL j>Jlp ^Jl ^iiJL Nl <l)y$L *V jL*Ji y> 
LioliJl frl^gjl jl (Joseph Black) ±S*X> yL Ujj^> 1756 ^»Lp 

,_ 5 il*Jl A _^Jl t Ua>- Oj-S ^y> 4 0 j*Ui co 2 


^-a Aaj ^yla^cj oljUJI ^y3 Ow>x-Jl i]*>L J-O^ 

IjjjJs jjjJJl ;J -v5Laj t(Cavendish) ^WslS ^LaJL*Ji 

O^P /^P J<P /^a *dp JwtJ ^5^" oJuJl=J| O-’U^jM ^)_a l.iwXp Ljta 

Jl ll'jLi alJjLil (. aL»J-*JI aVj-fe £~aPf- wLdipl Jjj - J"! 

James Riddick Partington, yf 5/iort History of Chemistry, 2 nd ed. : j— ia_2i (7) 
(London: jn. pb.], 1951), pp. 48-51, 73-85 and 90-120. 
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0> 

Igj jj I ^>15* L« l i) <u 1 


Jj I ,J^^S ji\ J^5wi ^ujl 0^ *>b-9 ^ 3 •^-* j~~«a>j < — ijL>til! 

SjijN 4-o^>.~,Ao..1 1 J juXaJt i— JjL>tll! <LL^Lv»f ! _jj jis ^yS> A^lXjI Lo 

jt_^jjL>ijj ijjl^Jl 4j>t^xJ! C-JIS' t. dLU.} £*oj .Sjij>«J! jjX^^-jJLail 
oJjL*_o CL-ASj i jl*Jl oLLs<3 j jLiJl ^y> sUuLlp l j£’ OjL^P 

1 — JjL>cj jJ^LxjJl ,j_P jJuJl Ajj]kj L*>J_lP OJ->5-P 

JjJ-Jll Ijj J_v? ^-> j»J s-Nj-fc tJl (j! .j-UL>c_«Jl 

. 4 IjJUo j*£* OJ lg 4^*lg i y^j^>-lp ^^15" ^ i Ls c 

4jIwL £ljjl cf^" IwLj <jl 

»< 

* **». AJ 1 _J ^*T «-vO 3 -A—C'' ^ 4 j- ^y -A L- l _l \ 1 

^ rtwlj jLllj'yi ctlSsj . jjuAaJl >1 j^Jl t ^ r ~LaL*Jl 4 j-“-’^' <4 ~>5'^ 

p f ^ 

j »-*— £- .<03^1 0“^ C-/^ J~^ ^ j. _2 - "^ 5 <-)]_ 4_j j. ]gL>sJl [7|] 

c* 0 , 

• IaJ J>~J ijr* 0 yJS (j-P ‘CUjjLa ^9 l «,j>,J 1 jSv^j J>j£ 


<j j-ia « 1 4 -sA3Llx^>J1 4_*_4Jw«-J1j J_>ljJL*_!l y ! 

j J.., ,g^J 1 J 2 j^_* -. /g .- rw I f-1 ^Lai-JXj (j^Lw*>- jJuljl 

ioLj £-j_2Lj LAj! l./>..l^..a j[S 1 ^ JJ1 “Ujj! C-^>-l J ( __5^-S! A^j!>U 

^ p p 

L^JvP>c-^<j jl Lgj j>- axp ^»Lv^-Ni ^ „lj *~a Jwirf2j>o 


oli j! jil 1 Up c c a jjLs ^ jl5 ^-^Lula) j! (8) 

James Riddick Partington and Douglas McKie: «Historical : jj-J~ u-« sJ^A-aJI 

Studies on the Phlogiston Theory, I: The Levity of Phlogiston,» Annals of Science, 
vol. 2 (1937), pp. 361-404; «Historical Studies on the Phlogiston Theory, II: The 
Negative Weight of Phlogiston,» Annals of Science, vol. 3 (1938), pp. 1-58; 
«Historical Studies on the Phlogiston Theory, III: Light and Heat in 
Combustion, » Annals of Science , vol. 3 (1938), pp. 337-371, and ((Historical 
Studies on the Phlogiston Theory, IV: Last Phases of the Theory,» Annals of 
Science, vol. 4 (1939), pp. 1 13-149. 
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& 

JJi :>Jip .^jLva' jlj oli *U5CjO> fiJ_As C-ol5j 4 L^S 

O^UxJi (1)1 1 ( jA ^LS'bM ls^ 

(1) jJiJl ^^3 ^j-« 3Jp ^OJJLwol ^-5j .<1 *-^>sJ JJP Ujj <*-* 

I jjjzLS’ j_>-L> 1)Jl*-oJI d)l <^1 ^Jl oJ_& 

o jiJl ^3 4 -JpV IJj I i5tta (jl j^s* .^>«Jl ^jA La 

1 (^p^(p*Ld-Jl I 3 j ^ • (_^ j 3 3*^" L^www <a 1 ^<^wsp ^lj LJ 1 

J^x J V I^L<jJu 3 4<i-Jj^oJl J^> lOxjl <LOj j (1) jJ j j-^x . j ^i_P Sj^Li 

^ * ? * f, 

3 .o^UJl <^-<>*53 LojLo L*j 5 Ojjjl j*Jj V L/2j I l)jj-!l 

.4jj_*Ju>3 o^*_A>lii> ^Lwoj>dJ 1 JJP (Jj^jJl (w JJ^ .-L^i dJJ^ ^j_P 
5»5 ^>^_>cj L«jjp <ojj (^wJlj>JI 4*>\jLa) 4» r w^wJaJ I ^Lv^Vl 

. J~*j La ^3 (J jjb 1)1 I jJjdl jJi-> O j 1? +& 1 


ciJJjo JsUjO^I 4 ^j-^lJLl! 1) j_2J! 4_]l j-y& 

JiS\ IjIjJI «L3l5 Ool5 ^yJi 1) jjJl 4_*-~5 ilSsJLc .^Jp coLL^o*^! 
JL>-*_1^uI oLjj ^1 4_La *J->- ^ 

oLxj 51 JuljJ ^Jj ^J>~'S/! (^3 <. 4^v laju a ijL«~5 S515 Olj-wuJl 

3 3 3 3*^ 4 ^wwc*^*^sJ I a ^^ 3! ^ ^3 4^ - ^*»*5'' L^t— 1 1 

*0-3 1 — J y £* ^_^>-Jl /^5Lx>--<*-J 1 ^j_>3 ^-*_>- ^1 j ^-.ll g- L»— 


1)15 <, c-*-3jJl .o^pli_x_U <ujL*Jl oL>“j^-LgJL J?Lii^'yi 
^ Ji l5 ^ ^ ^3 J ^-O 4j 

/^P 2^" f^J .S^Ul <^-o5 ^ o^Lj i^*-?. l)I 3j 'y Oj jJl ^3 (^^^visJl 
( /^5s-w 4_i_ ^JajJl lIJJu l)Sj 4 (3jJL^vj>- J_UJ1 4j jJajJ ^a_3j ^jljLlJl <5.LL> 

*Xs jl 4 4 JL~c 3j 3 Oy^L*~->- ^_L5li (1)15 L^j j-3 .aJ-j-LP (_3 ^ a -’ 

L<JL^ ji>-l jl 5i bj£j 

3^-> J*_] 1^1 . L5ji ^ J" > '^ . <1) Jr~'L^J>- J_UJ| OJ^Lp 

Juljj ^J>\ Jl5L5L oj! ji I 4 JI 4 ^yzi j}\ ^J)\ ojjJl 4^5 <J51 Jlo 


151 



oJlSj .aISLlJI sJla i^UJl oL-lj-dl :>Jp ^ [72] 

olS o^L« ojLjLpLj cl )jJL^s >- ^Llil ^P-)) * ol OwL& (_£wLp-1 

j_ 5^I (*' — =r^' ^ W>o_> (_5^' ojjJt o! aJ^Jj [aIL^cJj Ojj 

1 1772 j»Lp ^-Ua-a A— JjjiJt A^ojJ>lS" s il I Oj jS Jlij t^L^a -L>0> 

Aa jb>«-oJl Al]a3-^La A_*jji ji*V (_£-iJI j*l-*JI 

AA . Hp Cools' AX$\JCa A-*j l Aiaj>-^A_<>J| i«ilij I^S^J (jl ( J~ij . A^_«_olS^I 
ejjL A*a>cj>-I OPe--ol Jj5 oJjJp ol jOJ ^Pj ‘— 9 j-i? j_y9 

jjOe>-j-ltfJl Ajjlij toL^juj tOo jij . Ja>- Oj-9 J 

aIjhJI frU-a— ^ 0 ^>LS\_JLa ( _ s 3 Cb~L>- LaJLLaj (. ( j-$Li . 1 -gOgp-t j-aJ 
A-9 ^-*A jjtSI Gj_jJi S' o*5\^12La Jjj3 c jj yx ,.,<?■ oJ I 

SlilS A_i aJUJI j ■iULbp')/l jl ^jA j»_P ^Juj .<j_j-Ovw>-jJ-Ail Aj ^Jij 

aA 

-AjLiJ £~lj j-~+-£ / 0 ^Loiwj-SCJt l)L$ C Joi-p 

0 

£-6 i aJaljXa <• obli Jl <0>e-Jl A_iLiJj .JjjjjJl aj5" j-a Iooj 

C jy-Aj.il^jJl 1 a a^*jl3 A ><*- fl I - t,->-l 1 ^jA^)l*X-a-l 1 ^jA ' I (^.A3| 

.AajI jjp j»->0 (_£jJl ^jJl J^A A>cO AljU i)\£s 

j^lp AajI J ^\ t I^J'-lj UJU *>\jA jLbp'iM oVl Ai-Uj 

Aj ^ lia J 1 ^Jjj ^laJl 0>*ip! ^1 ^-JlP ^aIxII (j j-aJI ^i-l jl ^9 a-L^pJI 
^LJl l) ylll jp-ljl ^J A^jNl i2jJu jjJa>- -L?-l .A-*oJ! 

L_3j_^i-olJI /v-*Jj-;l_J t t j ^— » « ..Ij.'I Aji—a^ljjJl iJp J^ol LaJJP 
^ a I ^ J g a A ll Aj-X^ftA A^x_*a^^j ^* yJ ^-J L^J I aLd^w^-^l C 


Henry Guerlac, Lavoisier - the Crucial Year: The Background and : ^JaJi (9) 
Origin of His First Experiments on Combustion in 1772 (Ithaca, NY: [Cornell 
University Press], 1961). 

t — as ^11 ^s* £c_^!j l)Lj fft' .1 ^ yafi CiJjj UjNl a jLS Jjj y iaJu^>ow c* — *lx£3!^ 

.35 ljjS . ill j- L . a I.1 : jlkj\ <• Ajfjsf a — :. l li 
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y 4 V-al5 Ll^ds! <j!j di j / 10 ^(jJJa^J! jl5L<JJ 

A^-idP 4 2 , 1 .1 a .oJl 01? y>cj\j AaLLloJI £*a>l j^aJl <1)1 I jd~o <1)1 

4 JL 0 - 5 JI ioiUJl ^ll ^t^aJdJl l^a*p>sj j 4 ja ^Uaj ^4 AjjJajJ! 

25 jj>JJj olSUJJ a y^- a - t ‘ “^* J <_^ 1 g '■ p k_iLi5vj <_i ^-a ^dll 4^-^_oJl 

t- y y y f. 

Jjlo ^ j -5 ^^ L^iiaJwo IjlL i)\S &JJL> ol ♦4_LS" 

0*>I^JLj <; L4-L*JL<>J I j),]g 4^/jl j-j ^JUs Jdi/Vi 

^jLo 4 ] (1) jJx^u ^>Ua-> ^J| <JL2djVl <1 )Li I^oJasxj j*J -2 4^jA>jVl 

^>, J Lj ^-aaI^I c <j 1-^-a 1 ^^3 4 1 ^ 1 . ,/? 1 ,%— 1^ . &dA !■■ — a~i L j 

A^^'^-vs. 1 1 < .,, . >15 J - 4 » . . I 3 1 1 ^ ,5-P 4sj^a^aa.Jl 4-i^ la . J 1 (j^Jaj —4 a-' <dA L> «*. ! , ^ -1 1 

[73] <1) jaII tj-* ,_yljS/l 3jA*Jl dV->- JA £-a (jii jj jt_fjl jV l J JA 

£~ildJl 0 ^aJJ 0 j^5-Vl 3 j_2-*J! t _^i Vi *ijVl dJLL" OayJ j»Jj 4 j-JdP 

y 

,aIjJ-aJ1 4^jL<m4-) Idp- 4jlLe>r«a 43V-P 1-^-1 ji-sA 7 LaddP 4 j^5p 

l)I <l)l^^Jl AAtavXs f ^lp <1)15 f <dJ 1 4dAs.ll <da 4dald-) 

<Jj-^s (_£3l_*Jl j»_L*J! ^J>\ <J jj-dJL 4 4_jlla_«Jl 4 jL^_j 4 l^j Jadi jj 

4a_; 1 jd_> L^jI ^a 4 LsJ jJL> 1815 ^»L P d_*-> A j */}.{ ) 4jP-^aJI AjjJadJi 
4 ^^ 25 __p- «• j^isJl <jl5 liU .j-sLp ^woUll o ylll y oLd;A*vdJ! ,_5d>- 

-LsA5 jl V 4 (* j5V»iA ^^LotSC-A _/:h 1 8 J- sidAa 

(_jL-^jV 1 4 «-sXs5 ^j-Lp oj^liJl 4-JLSCaVl ^ySjVl < JjIpxJj aLa-sJl 

43 <5 ^Jjjl OldALi-a Vi Jaj«J j»J f-La_sJl <_d>ld_&Lslwa yj 0*3 
(31-j-anjl 4 aL15 jLs4J IJlSj 4 aJ Si 4djli oLajJsat^Jl y> yO >-^- 1 4_aL5 
.(_5il_*Jl <s5A>tJ| ^3 Ljj li jd-*A 4l5v-si~a ^_pl oLsxLi 4ja^ul ja j^jVI 
jLgj>xJl 45 U 3 <1)1 j-^ .4l5V5oJl a.l_& 1 _j- > '-l p -1 


Max Jammer, Concepts of Space; the History of Theories of Space : Jo\ ( 10) 
in Physics, Foreword by Albert Einstein (Cambridge, MA: [Harvard University 
Press], 1954), pp. 114-124. 
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I *L-SC^wo«J 1 < Li 4 4 j i_CA ^* L L-w^ I k„ Q *1*^0 

4 0 jJLJ jJCaJl ^JL*Jl cJ*y^“_5 .CClo jJiJl C^i J^Cc&LjCoJl ^ 

oUU? 0 j y-lj (Stokes) ji ~> j (Fresnel) JJJ ,y ^ JS ^ScjI 

L-vwJ ^ I O-C&L^a^O ,^g 3 ^ ^IsJ ^-*—5 'bl 1 ^->^JflL J fl ^ . C -S’' 

.4_*_d ^s La Lj^- j_>o j>CC»Ji A,vw->cJl <jl C^LpLwv^JI oj-ft 

j~s* L_sl_S" L>-L>o cc L p Lw s a J I lLlL ^j*q 0wL>-!^ Jj> cc_?*c->iij L^S" 

Jj 4 ijL>-vJl oIwIaLx^JI 4^JJ^ ^5 0 j^cjiA j^s- 4 4^LwJl ^cSLcJl 

^ p. ^ 

L> wlLb ^3 L>-J 4 L^S_)i jL>cL I L^0>- ^-C*J <lLoLJo Co is - 

. (u) (Morley) Jjj^j (Michelson) dj-~lSL>lo 1 $j ^IS ^1 ojj^_cJI 
J^gp- -ii jjSC C 4 cOjO-mJ! oLpLwaJl <j-o 1 — ijLvkil! I-Lp L> 

Ojjp j-vSJ C 4 4_Lv2 CjIS 4~Jj^0 oLcO I >Lp (_5^J • 4-*-* £"ljj 

.Olp- 

*U J la.'J ^>«jj.-CjI <J j-JlM *^| 1 Call 0 4 1 43 J-O-Jl j-jO 

^LJ! tj jJjJ! ^jj> ^yj j^j^aXxJ! ^3 c-^^cstci-a j^S-LSi Jjj-^SLa 

f-jwiJi <1)1 4-iXpLi 4 £-Lol ^3 C— 4_i J-jj—^OLa jlSj .j_JLp 

iij_OCa C->U-!jl ^Jt t 4-alp Sj^v2_> 4 ■i_J-*-> 4 -*-JU U-i-a^-Sd ! 

f-L .^XII ^ <J C^o) ^jJjSli £n-CJl <ColSj .^^SwlSS-a jOt oLa^aC 

L^pCa 4~0>! Oliv? a jCh 1— a OL jJaj C-J la-ACal 43 A ^OslOcaJl j [74] 


u- 4 


, - u 


i oi a ./?„lt o i_& <1)1 £>>J Ja—ujJl LL^..j 

^0 4P— 4la Q^jg- 1 1)1 LXiiXx-4 JJa -lA3 L0j^-')1\ 

4_w)b_a iplw> COLS' -L2 j . ~ -cSLjliC-<j! j . J S C* - ' ^~ s£ ’ (Ir 4 


Joseph Larmor, Aether and Matter... Including a Discussion of the : J U ‘ I (11) 
Influence of the Earth's Motion on Optical Phenomena (Cambridge: [n. pb.], 1900), 
pp. 6-20 and 320-322. 

= Richard Tetley Glazebrook, James Clerk Maxwell and Modem : j .. lj . ...'4 (12) 
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oJj>- LjTj 4_J_*_*Ji 4_^Ui y> o—i jjj ,4 jj_L>Jj aJ L_i>cJ JJLiJ 
4 j ^U caJl if-LwaJl jl 4 jjJaxil ^ LajL_«J! !jl ^S\-> 

^JL-> yj^ ^ ^3l jj-L- L_S" LaL_i^ ,4_a— Lp 3j yj2-i l^-Lil 
4 4LLLS| 4 J jP>Jl 42x>L j-^LJ 4~aLjLa 4ajl 4 4_^-Lv£5 <JjLL jr^J 4 ^SLLlj! 

Lfi— 4>l J^-a P j_.L^q 4 4*jLg_Jl S"La 4_j j la i Ox->Oj 1 LLi jL 

4 4 LU .5 ^yLp OiLjj . 4-La O-iOil U 4-ajl i yyySj\ 

^jXJl cLjjLSLLjl 4j jij Jj 4_aj')/l S-La- 4_j OJjLJil (jjjJi jli 

j^jJ! 4— oiL iJ jjJl c-> jLSLL w« (_5-*j 1 ( J— L d—a LjLlpI .s-A-^g, ’ LS 

.^Sfi 


^ o— —JaLLa^-SJl ^>1— ^>-'y! i3 jJi—J Jjj— xS’La LLLa jj 

i^>Jl LlL ,JiU cjlLj jl C— J LL ; j-J*)i} 3 ^Jfcllg a£ y * Jl 

^j-a 4jLaLf 4-1—JL a CJjLa? 4 LiJ JJ 4^c_2tLSj .4 jL>JJ 4_— *_*ag 4a j.lg.'J I ^y5 

P I*!)/! ^y3 (_jL— ij!l i_JL CiAiS')l Lo-^..ya,A Si 4 JL 1 I— Jl 4JL>I.-L&LJLJ I 


ya 3_L> jjs 4_1— « J— a 1890 »1_P J_x_i La OjI jJ— u QiJ..^. ,.a IjJ . 4_*_£ jJLa 
4 ^yij 4— JL 4J ^>Ji i_iLLJ'y 4 Aj^iaJlj 4— 4 LZj'VjL'txJl 


OjLL>-I dij . Jjj— xS"La 4j Jfsj iwJ^/a ^y3 (_£ ^diNl j->Jl “ jd>li3> Jt>oj/j 
yS^a ji y* j*-P jJL 4 4_o_laO_a 3 jj).x,aa. i (J^Vl ^jjJl ^^a LL*)/ jL>s_Ll 
djj ^yjUl £^J| C-jj/ ^l>c_a Lai .4-a- ^ «a OoU ^taLJ' jl iS^J ^jJJj>c-<Jl 

(Lorentz) jlLjjJ 4J_*J La L^LLjj 4 3j_pIj oLSJuj 


Physics , Century Science Series (London: [Cassell and Co.], 1896), chap, ix 
James Clerk Maxwell, A Treatise on Electricity : JaJI Jaj— ?U u_33jx> *ijA 

and Magnetism, Clarendon Press Series, 2 vols., 3 rd ed. (Oxford: [Clarendon press], 
1892), p. 470. 

Kuhn, The : JaJ tlSLjlSUi _^jJ kJ y> diAJJ! jL-p jjs (13) 

Copemican Revolution; Planetary Astronomy in the Development of Western 
Thought , chap. vii. 
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toL^o-l <j_p t (Fitzgerald) 

ojJj^ UUJL?- j jl Or^“ j_s~^ 4_~3Ll<JI oL^liuJl jjlSjj 
Aj jJajJ! Cj ^.^.1? t £_v 2 ^Jl jJJS ^Is-j . C->Laj jLJ 

.1905 ^>Lp ^ /jjbuiJjV <tvsUJI 4~~*jl 

$. #* f. 

J5 ^J23 .^Jw^L5dL> A-Jg-oJ aJJL^I Lo .jJL) Aj*)5Jl 4jjLa*yi 0 J-® 

J^LljJl ^1 BJ_>J_>- 4_> j-lij j ^ la 7 ^S\J j%J 4 aJL>- [75] 

L^s 3 C-Oi ^xJl aJL>- ,<0*)5L5aJl ^bJl 

* # 

4 ^JLaJI dLb (1)5 tl j*y> ^-5Jl *S>-j\j>- 

oJuJ->Jl Aj ^ ia)Jl (J^pNl Lj-^ l A!Lc^J\s- (1)15 ^JJl Cj L j lajJl 

oJ_>Jj>bJ| Aj jiajJl OJj J ij ,j$S\ c jl 4 ( j^3 JJL*j 

p- ^ p p 

oi> cj^5s_Jiw5 1 <1)1 U^jI . 4_o 2 j_Jj Lw^ <o5*eJL^o 1 

ciljjJp SxJ a51j:>I {_/* L^-5 c55 c l^-Jl <Lww*jJL J-JLaJl 

a_^>^ LowOwi 1 (. -. 3 p 1 .j*3^ *5L^j l * L? o. > <_) j_s !^\_& (1)1 p— ^ ^ j-!L> 

j\ aJ j-L > b-o <j!j'^5l_JL<dl eLLl_> j j^js J5 aJLLJI 

d)l <LoLS\_dj ^3 1 ^j_Ju lJ-A^ 4 L^J5 4 aJ j\s>x-A jsS* 

t* ? 

ciI-L» ^JjLo»J Lb- 1 jy*~Si 4 5 wLXP 4^J-JLflJL> <l)^“^i 

c (JLo^AJ (j jSC L« ULp cj*^L5L»L^iJI ^y> JuJu>- ^_a ^J-JLaJl jl 

jl o*>LSLnL_*JI i - > ..L.." , :..^.J l LJU<_3 .Iju! Li>-Lja_a o^S^j ^ a_^ 5LJ 
^ AjjLa'S! I o^A ^ I 

jJ-S" oLS' JjJ ! A_aj*)Lj j_>^_oJl jj^J! ^9 J_s^j (111 L^.<^L>a-J 

iOLaj'^l 0 jZ3 tJ *!>\_i— S_Jjj>- a JJ .<g l L*-S jJLa 1 ^ '. a 

.oL*Jjj! Liilj j*J A»jS/l ^-jUp l JoliaJl jt-L*Jl 


Whittaker, /! History of the Theories of Aether and Electricity , : , t il (14) 

vol. 1: r/ie Classical Theories, pp. 386-410 and vol. 2: The Modern Theories, 1900- 
1926, pp. 27-40. 
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^3 y* ^ ® £-3 U^J \ J^J>- y}\ ^UlSvJl ^3 ^lil l)| 

J^i cJliJI o ^JJI ^ ^ j_SUj y^S j-e* (Aristachus) ^ jJ>-\j^jJ 
"^U^p J^i ^_>Lj ^-J l ^%—L*Jl oLS* 4_)| Jw%3 UULUJ^ .^^L— oJl 

& f. 

jlS\J cSJ^UJl kj j£jl 51 C-olj-lU Lp j^o->~ J-sl j c^jaialxJl <J\jj1ojNI 
U^USj 4 J J_v^J>“ O^J^-U IJb jJ Aj^S ^- 0-1 JjLflJi UJJLijl pJwP 

Ujji_*3 .^3>x->jUJl JS\J ( J-kU xJ ^i-LU ^3 ^SCJ * ^ 

jjiS"! oLS" <L» j~* j-* Cj^*i j»J 4 aJ jSU 

4j^S" j-o j»Qa-> (jlj /^SU>j CjL>-L>- l IjLJLol^ 4 -J j_jL*_^ 

ULU ^3 Ui»j 4 US' _^wwLla_Jl cLLLaJI j*U_p j j-U> ^\j • Lf a. a >c_^-^ 
. j->- IjLwvJ j I ^1 ^£3t OwL 0 J yiM ^3 4 4jIjU^_jIj 4j'jL/? « >1 

UlU»*w<J (J^LuJ k->r-^J? 1^ c-jU— U SlU_&» |V-J 4 vSJ— U 4— L _5-^j. 

p. * * * 

ys')} 1 ki'[^ a i\ u j-^yz y$\ ol u_l>- ^jU » 

4 — jjL>cj d)j_ I g ... > ^Lli-> ^yA ^-v^l olS' ^ j 1? ■> ■.» > I ( /j_Sv_> ULSU>-I 

4 0^1 (_£ C-3 y*A US' 4 l^JLp (J J- s ^ >c-il ^SUl iU^' 1 ^ U»^oJ I 

^* * p 

[76] j_>-| <• t_ijj_liJl o.i-& .L»_^j>_o jLjl?-*)^-! L»L-! _y j«-J 

U ^J_oL«J[ y&J)) ^yj jiCj yijS ^^-wvSs-LilJ L j [ yx^\ 

Jwv2->- ^5-^^ i^jVl y& ^<_r“ (_s^i A^c-UaX^jL ol^ 

.(Jj^l ^Li«Jl JjJj>eJ o!Ju^[ y£- aJj^wO c— il^ J ‘ 


Thomas Little Heath, Aristarchus of Samos, : _«laJt (15) 

the Ancient Copernicus. A History of Greek Astronomy to Aristarchus, Together 
with Aristarchus's Treatise on the Sizes and Distances of the Sun and Moon : A New 
Greek Text with Translation and Notes (Oxford: [Clarendon press], 1913), part ii. 
. fAA l ^ d\ * — S ^ J?. 1 ,,' oLw ( _|- e ' S j ' ^ > 03 

Arthur Koestler, The sleepwalkers: A History of Man’s Changing Vision of the 
Universe, with an Introduction by Herbert Butterfield (London: [n. pb.J, 1959), 
p. 50. 
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jljjl I jij 4 4j J^>- yjJ y ■> ■ 1 1 ? > <JJUU j*_Lp 

4_LoLS" oL*_S jj jl __ r =-')!l jbAjLoJI UJ ji yi jt-J .i-w»jLwO 4_> jJajJ 

<Z-*AJL 2 > -\ IftLoJ y~ Aj ^jjl <_~>L~**j'S/I Jus— 1 (ji -X5^~oJl fyO y£Sj . 4 ^ jl .t^a 
‘UpL.i? Ubl j_yAL jl ^ j>tll ry> ^yo\^szji s l 1 4ia.»lj-i (_jl oLjiii 
4_^jL«wx>Jl iij-La *_jI ob 4_*JLo Jw^aJo ^_! L^_il y> c A_-_sLS" 
J-i o_i 15 ob jJijJ! jJJj j! SjLjNl _ <Lol_*Jl <u-o_L*Jl 

4 (Hooke) iij-Aj t(Rey) yj Ju ^^Ic- ^LJl o yi Jl ^ 
frLJLp yA J_^- i^JUl JjjJaJl JU_a)H jl L>5 .(Mayovv) jL~a j 

— 1— ) j/ 4 4.w^«-*wJ j ^-—LjbflJl /y yA ftbjJ y ■ I.4~- ^L^bvjl^ yf*^ /^-^IjsJl 'y~* jl— 1 1 

.A^jjpaajl ^3 ^J-jLo-d ^J] si j jib jl 

*» ft if 

Lwlj^ 4j| ^J_P IjI j*-L*Jl 4 _jL*X^>L 3 ,j_A J_> UJLL 2 J 

jL» <1)1 LosS” . o LJa-^ Jl ( j-4 AI^aa AS j^j>cA ^lp {£ j^Sl 

^ 1 p t Jj X>- jj jj Ja X . 1 ^Jj V I Jj >-1 j^Jl ^3 <U/?L>oj c <J J-> 

dLta .'Oa^Jl 4_1 A,/g 1 ' ^iLLo ( ^*wJ Jjlj-Jl cli-Ll JjLa ^ 

U aX?- ja J *>L>- ^/l *L1 *jI 4j ^ ji U Ij^U j-& 

<J*>L>“ |j->- cjL-caiL^s (^j*J j jJsaJ jA i yA 

^3 ^_*_ol I L^ajJLi \ Lo-LS^ Aj 

^j^a\j t c^^V5C»iw<Jl l^->jJ3 c^Luj 

ft ft ^ s» 

Ul . Vl <-LLlii ^Jl ^JL^jCU-uL \jl^S' ">ULo L<s 

JuJu>sJ < 1)1 4 *Ju*J! ^ lLUJl 5 ^pjjws^aJl ^ L>Jo .^_^l^i ^-_Ji 
. <L-U aJo 4 _s_^jLw^JJ 4j _J»^_*Jl v^->tj 

4_<_^1_L^ < 1)1 ^il La ^ 3 ty^l “jbj^l S oUjSh 

Ji ol Jft jll 


Partington, A Short History of Chemistry, pp. 78-85, 


: J*\ (16) 


158 



VIII 




p ^ ^ 

j j i \a ' ^s-^ 1 jl 4 1 SI 

S-L<>_L*Jl 4-)lj>c^-^l A-~A*S ^jS' 4 ^ULl 4 (J L«JwJ J 4 0 CjL Jij 

ijL>-Nl jli 4 jv-^woj j_ft Lo_Sj c)L>- 

* s. 

o j(..^->-l ^°bj_p *U_LJI 4 »L^_aj ^ La N^l t Llaj>“ oI-JulSI /jJ>\_<>_j 

6Uj)/I JJLij jJi ^ ^-j 1 . 4_L> jJp j) <Lw-uli ^3 ^>J_P j_aI jiaj 

pjoli ^£*LH j*}\ 0 *)J 4^Jj>|juJl jLjLp! ^3 

AXLq\ 1$j| jJ U5 £-3jJ| aJlP kO'V l>- <j j-laLCo N j^_3 ^)l 

^^cJi IAaj .^X*JI cj \j>A1z^2^ ^ tL^Jl i Ay^sl^g 

4 4_OxJ jLJl ^j_a ^Lal^v-o (J ji i ~k*j y>- Oj J_^2JJ 4 -UL-^wO jJfc 

^)l ^rJLL .oLol 4 ojjst2jj 4 Cb^lapl a1Lo| ^JlP 

^1 *- j-Jl ^£23 j SJL~»oJ Lwv22j>c_3 Jw^-S'I &JJ- s^2j La 

j-*P ^-Lb N L^-)li C jJI i-j j_a 4-wo_L*Jl *L j la.«. i 1 ^i>tJ LaJJ^P 4j| 
« L^_L>C_>5 ^JuJwbj J J-* /j-^La! W 4_>X-Jl-v£^ 

*L»JL> *U_Lo-P ^j_P U>*)Llpj 4 ^LJLSsj j jjauJJ ^J^jllll 

^a 0 j-J^L_<Jl l^JujLia 4 j jiaj ^L~v3 (_5^ ^Pt g X -oJ 1 Ja^jJl 
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bbL jJajJl <J yjzj> y LI aLoJ-*J| <1)1 Ajaj>~Lb<Jl L-LL ^j*-*-* LI J .A^sJaJl 
‘=u_Lo_*J Ll^^J L>j->&3Jtj d)l ^ 5 -^-j Llj c^w<iwL*Jl 

^3 Aj jS" aJ^jL) (Jj^j * 3 y^t La ^*Aj - J~b”bJb (_ 5 ^ j LgJ3\J . ^ ^ .«,<a3 j 

aJ j_JLa C-^lS" Aj j-I^j ^y23j aL»J-*- 1L <_.£ JJi <1)1 - AaL^_J| 

fi. & & & 

^a Aj j_lajJi >LLbJ LijbLa 3 j->e^3 jj^Sl ^i-P 0 LLba 

<J j-y& j\ ji £~* LbatjJba L*jb ( 1 )jSy j-9 •^-JL*Jl 

4jjLiA ^Lp 3 ^ j-^ ^ L-Lb (J^J 4^>-l ^-*_ol^J 

,^i>-LlL Lo-AAp-I L>»£ljjLLaj AxaAzW ^0 jJl 

aLJoJI oI o^SLL lLUlU jU c (JjJi oLb’Llb 4 ilL-A j 

AjjLal ji jJ j»J_p j^aI j la ) (Jj^^-Ij-j .*__g-jLl oLo-kj^l j-Ji A yA-$ j± 

d)ijj o j-vw l^Jb ^l>ils>- d)li t( l4-^J l 5 .a^l^Lla 

bJLi ,4j^L>t-o-il OwL^J A^_»ib>jLM bbL^-^ ^bLll ^y> <_£ ^J>-1 A_>- 3 ^y 

LgJj ^1 (.A-ool j 3 oLLpI ojj-^JlxJI <Ll-bJl ^L-J obLS* [78] 

La jLjLpbj .oJjLvJl A3 j_*_oJl A_) j-b_> £_a b^/23b_La AJjba | .vs .A j Oolb 
y& U ^*/ail <l)ti 4 <_£ 4>w^ ^^Lpj 4 dJJJS 

y-^ 3 A-ajI Aj jJL> ^J_P j*LbSb >3 3 I 4 bajl (j-L^ -^'Lw*o <1)1 

^1^3 otbl ^ (J^ j2j ^ L^jb Jj>*j jJAj 'V aJju! .La^j^j 

L)l L^jIj La (1) L^-Lp LV 4 Lj j.,L?.Ll ciLLj 

<l)j jS^Ly*^ »^3 aJ-P S j_Aliij (l)j-4«>-l j-J bwU-P aJ^.L*-Aj aL*-L*JI 

(^1 I j-b^j j*^-> ^ 5 ^ b/? y^2j>- cb^L-b^j J jyr^ij oJj J-P l*-w^ 

ob olJ^iJl j b3^L)J_*jJl ^j-a ^_JlSL!I j! ^ 3 1 jJlj .(_$ j_aLL ^23ljJ 
(1)15 bl aJI A^>t-jbJl (j jbL_^ .^<»J-sJl o^>«uJl c->Lj^I j - 4 aJw 2 _SI 

40 ® 3 ^^ (Lr 0 Lv^iLwoJl aLuVI oJt^J Jj LI 

j*_L*jJ L— Lu>«_aj Jj Jj>- J-A>cj j j.g L?..> ^l^Jl -IpLj L^LI iLJJLi 

=f 

4_Ja_«J a j i-Lft O-i-J? !il t j»J .JlS’LsLxJ c <^-2 <• J-b 


160 



Jullj N 4 JJ wilxi 4 A-^x-L*Jl j^tJl ^3 J_*_> Lo ^3 LaJlj^'l^Xo i 3 

il)l SLw 4 ^iJJ^ 3 y^ j-XJ o-Xa j-ls> 

IjLv2j3_U 1 j-JlS" A^_jLJL 4 A^_<J_*Jl A3 ^x_o-U oJ_> J->- Aj j_la_> ( ^J-2*“!3 JJ-Lo 

l^jl L& j j.,*/ ? ) ^_>v_^_> ^ C3*y L>- *A3 J J-^J>t_l (_£ i 4 A^XJj>s-Jl 

.ciUi 


[79] 


^3 ^ylill ^j_> j-u 0^->L5 01 4(JbXoJl ^ Lp 4 Ja_>-^J LoJUaJ 

«» 

^tiljJl d^Jl ( j_a Uj^i 4.(?.JL>*J 3 j- 4JL^>I ^jjl J-*J t iS' J_>j| 

A^a^aJ LS"^-1_*>j ^«j Aj 1 ^Jj2j ^ <-3 4— U— «»v-> 4 ( ^ ^Js2-Ji^ 

^1 L^a->-3 ^Lp J*-XiL ^ 4 4—3 j-s^ A,^ A. la. Lo A^/23 J->- ^Jj 

l) jjLflJi c)i lS J" 1 ^ t Jws*2JlJl ^3j • O I -L& LJLoJ I ( j--o jl jJLo 

o jjJb oLS" ^J-ll 3-^3 ** AjL)l_tJl L> I 

4 4 i-^-s3 ii A-vo ybS' b j& bo y^~> bLJjj^Sl (Dalton) 

oJ-.-vuLi ^ ^Lw^XIl 4-^-S" ^»Jl ^o3o j-*-» j-*3?LlP ^j-o 1 j—^ « & 0 _^Jb ^Jwo-P 

* * p £ 

i j-JtJ A~_*i *( 3 * ^*Aj 1 eJ j— “j .4 jIS Jp- ^ j^j J»»-p c£l 

oL«JijiljJl ^/2jj ! ^jjjt>-l s-L«_Ij«JI jl oLsa (_£ JJI jJJJu 

. d .Adi '..A-ll A— L-^-^s^S/ i—J j I £_3 ^_i ^J_P j-A Ijj lg J LoJ_LP 

.dLft^Lp l^liaj jlj I^-L*j5j jl 

^A’ljr.Jl'yi f-Lo_»>ll ^JjlxJI jl J->t~l~iw»JI jl 

jv-L*Jl j>*-& ^^1 JJ jj^ C aL>c^»< 

jl tJ^jllilLS' C jjit)l->JI f-LoJlxJlj .4^>j*yi ^J^>U 

_ s j-y*-> (Jl *.d?~ > y I ^ jJ a d.o ULv?-l I j_ij^j 

^ J= ? e ^l J l-$- , l J j-« AJ I jiJ-J '— '-d 


Norwood Russell Hanson, Patterns \ ^ Llibil ji^l (1) 

of Discovery ; an Inquiry into the Conceptual Foundations of Science (Cambridge, 
Ma: [Cambridge University Press]. 1958). pp. 99-105. 
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l ^2_3j £^>->1 r £j-^l ^ULlpI ^ J__A ^jJ^I 4-4-J^j 

.aJ| ^ l) 1 Lg-ji^ Jj>c-i 4_*^a_3 L^Owl 1 4_ljL^'yi la 7 wJ ^JJl C ^-*Jl 

^ 4 y A^JsaJl ^Jj ^iiUJ (Jjl UjU-j 

Oj^ y Jj ^\ j pJuolj_> b\j .*-*-ol 'jj (^1 y 

.4_j|^ ^_L*_U ^yL3j y& y~\ 4»*^j 2_3 d<J? ^Jl ^-3 4_]|j_^JL^ol 

ASjp&Jl .il)Lwwu\l ^i-P ^%-*-Ol j-Jl L S^' 

^ jAJi £^2J (j^jJ! jl^diS# ^1 j!&j U5 i^j^Laj J^s ^jA i. 4 J! __yiao d)l 

t . 

. «Ajlji! ( _ j 1p 


Ji^l <_s^ UjU^a iJl*3 olS t^i.*^- aJaILJI aU*j 

4_Li_a I jj^ U— st-JlS" a-^^-UJ $js>-j V ; J jJLJL l g ...,■ < Cp JU»- ^3 

tlr° ?^jjL»Jt j»-L*Jl j ^jLrJI ^J_*Jl ^“j-B-i i_£d-^ U* ij. . 4..2 > -sL.j» 
^JU- Jj . UyglL-a 4-LLa! iL^-ljj ^ (_g.}L*j! (1)S/ (j-~^J *ol J-Slj^>Ji 

j>_L*Jl (_ji!jj ,^iSl oL^>-'yi (JjL«J! ^s «U j-^3 jS US' U>3 4 ^j^Ss^Jl 
^oUaJI c->>i-*-U L»U>)1 jij ^_*_oljj j ^Jl*J Ni ,x>- jJ j»J ^UJl 
aj| ijj (_$U3l ljj>- JJuiJl 3 _l*JIj .J^IS jJSUUj IgJLS 4 <u , ^ASUx^ 
a-La X*_i wis jj (■‘U-vjd-CgJt CjUj-.ji- 11 l lASja) UiJi (J-*- 8 J“^-® 

olj^l UlJi ( j-« ^ wL-j jUv^j 4 4_ r U>*_| o">USUUwo ^UUl ° j ; ^ 

JS d)U 4 ^jj-i^> a J J-/2J ed-U^Ji ulj'l^SUS-aJi cSl-L l*Xp Uw3j 


Thomas S. Kuhn, «The Essential Tension: Tradition and : ^ a il (2) 

Innovation in Scientific Research, » Paper Presented at: The Third ( 1959) University 
of Utah Research Conference on the Identification of Scientific Talent , Edited by C. 
Taylor (Salt Lake City: [University of Utah Press], 1959), pp. 162-177. 

Frank Barron, «The Psychology of : jdiJl 4 jUL-ill LiiLr 5 ^*Ui Jj> ^ 2 >Ua‘>U 
Imagination, » Scientific American, vol. 199 (September 1958), pp. 151-166, esp. 

p. 160. 
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j 4 Lg-ljjJ L j*_L*Jl LaI^j 4_1_SCjl^ 

Lo3 .a^ojI jJ.^ g .^5' ^JbdL ^ c Jjla L^jI ^Lp ^ iSy^ 

e-Lj3-L>- p. .lg-^-4 alj J_3 l)L 5* ^ ya -frl-La 4_1 JLoI 4_Jl ^J_P ^-^Lo j_; s^J 

Lo A-JuliJl AJLlia^Jl aJL>- c^Lw>c->-l aJ I ^.Lp ^ 

s» s* 

jlS" La LyaiLwo *)Lxa ^.Xpl di A~j ji jiN dls’ j .4j jJiJlj S-lAlJLttJl .j—i 

A_> j_la_> 4 _pL*_sA? ^3 ^L>tJo iJ j_L>x_a 4— >t_?-l Cj ~ -Xpi J_S ^JjLwj ^_j 

^ f. 

4JXjjjJ (1)1^" La 4-sijljwO 4-LL»l J^jLxJLXjJ ^-~Xp| J_5j .(jj-X"'P^j-LaJl 

,jj jJ jiaj ^^XpL-js ^ oLpxp-l ajj-XP I Ji j j j>- \ j 4 j 

[80] (JjP>uJ N AjL _L?S_1 LajNl .ijJ>-J (jLi 4 (dLli ^J-P <bLj • Jj J-^^d'La J 

Mj-j . L> ^ ; ; ; J-s^li _u>*J ^j->- j L>Ls .,_y2-sLia JJl« a_w>*p-I 

p 581 

J -a- -LpIjS 4-aj^ll i 0JL >*. j 4 |t_*_plj_Jl 4 dUi 

.AjJj>- j j.,g .L .j AjL^JI (J jJa_i (_pL<Jl uX>! >c_a- > yi 

ijul 4>-l jj 'Ll bjdxll 4 j j, la ill 0 1 Lab '. i afl3 -ilLl* ijl (_£jLsXpLij 

.ObjVl J5 ^3 A^ijLla Ailai 4 j>-Ijj vJXibjjixli jl llvisba *>La 
J1>J1 dili LbjjL VdJi^ ui^Ld ( ftSjjJl JwLj (jl .j-SLal 4— Jj-5s3 

dii-JJ 4 (_£J-iLj ^abjjlj jj jjj* AjLwxJbJI 4Xa_L3 La ejj j^Js lb 

j£jL> L)1 ^ji'yi J->cJl a_ la '-' ,,.,i LlSLi .Lx* j jj»cj *L/ d->Lpj^jaj-oJl 

(^d! ^ ^ ^ I— «-«-*•! i«X^ ^J|.^_J 1 ik>U i ^ y 1 O 

/^c- oJbj3 a j jy^su C^Ij jJaJl ^Lv3j ^ J_v^ J-oLoJl 

il)l ^ ^_L*Jti .^3ijJL ij^JajJl j_L> 

4 ^->•'^1 ( J-^ L^-b>"l yjo 4j ^JgjJl s o j-aJ L 

4 JI jl cjLjl>-I aJI -1^L*xjJI a_1j g «a«j j j 1? (jLS^^o 

p ^ p 

Oj^b (1)1 <_-w>cj t dJJi /jP Lvi jP .L&iLv»3 jl iijialJl ^yozj j^p (Jloxj 
J-Xil ^y-l-P 4-i J-5f- J i^-i-Sj-Xj ^L?- 4_>J>^>-i J_>- AilL* 

.AjjJiJL) N 4 ,laa? jJLxJL ijiiil Jp- ^ J-duili J .jVAa^l _^ll 

jL>«xJl)) ! jjL^ll ^jJlaJt ( j-JaXa 4 a*iLpl .3 jj La-a Aj >- j.Ajj 4 LXAj 
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aJL aJ! jl ciJJi ^j}\ cjl-AJ . ^^J-p ^ j-Ut i <Lp1 j-J! jJ-Jj 

Lg-i Lfl-w~Jg , j /jP L« 4j jJi) aJLsLua 4~oJj*Ji Jsujj ( _yJl 

3 jy^A> JpJAx^Jl Aj^iij Aj^JL ^Lp CjApL^u jJ L^J Aj>-jLJiJl 

JwA-aJ 4_jL_wuN 1 J^l 5 J->- J lw> jJL&\ litj .(£jJ >- 1 j3L*2_a jj-a O j .. ;- : jr 
4 *v 1 l ». -o—JwP L- /? , ■ ) 1 j. A . 1 1 »LJl f 1 La , ^-3 ^ 1 ^ — S 4 a»D3 

1 — >y?j > — ■’L^t (^1 t «u!p IjL&jj 4 j j,la.l 1 i ioL<a_-Jaj jLj^p! ( ja aJ 
AlaJ—Jl oLij.la.‘Jl <j j-LjJj ^_L*Jl 1 >*)LL> ^jlxj .Lgj aL&lP*!/! 

^A La-3 4 ^^-aj-LaJI 4 — >UX^U^ ^-uj-LaJJ -LwA-L*Jt 

oLt-Jall! <1)1 ?<j j^Xaj Ss-Li^l!! La jl 1 i ji\ 

p ^ 

oN ^J-i 4 *>LJ.5 LajL^pLi jj jt-1 A-»_-aj-LaJ| eLlaA-A-Si 

4-»>jL<iw<iJt ^L-4 j_a (_£-Ul !*_*_ol j-Jl j»— L *-j ( ’j~^~ ^-§-®-J-*-> 

i>i«J ^^Lp -Li CjIa— J al!! C~jIS" iilj .<UjL>cJl 

<— A i~ '■"■ . 3 ) 1 I ^^3 A— — \-4-l ! <m* I ^ m . A I .3—) — L-_ P 4_?C— — ] I L 

I 4 J <J jJ->- ^LjI c-LgJ^Jt (J-iA-t o*}LSLJla aLLsL-a jl 4 A-Lj_> 
.vjjiaiuJS jLptj'l/U L^-aJja ^Ip 4 — 3 j-a 4 j^Aj-aS^Jl jj-A s-LL^-a [81] 

.^l^j'^l I-Ia JLaj t _ s JzAi i — Ji'y -*yrj "V <j^ 


-L-P (jal aLa_L*J 1 4^>>AU>J 4— L-S 4 (Jljp— Jl j^JI 63 jjaJLjj 

[ /^o La ^jLlaJsJl Ajsxj'y ^3 ^5 0 jAUs> ,* ^,'3 j 

f, S f, 

Lo_4 jS\ lil^li! ot L ^S' <Jjj (J*^ 3 ij^r ^ 

4_a^_o_p ^L>tJLAAii l la^ ^ ^iajJJ j i>-l CjL^wJa_> L^^t” 

(> $, ■*& 
I^Lp 1 ji ( _ s )a>- .Cjlil^Ml 4 Lwta 4iiL^3 ,i^>- 

P^J <1)L^?-SM .^alk^jl AjL^j i y AjjUj] A^/jLo-a-U a^Lp 

^L~al i j*pS o^A5C-Xa cj~X>-j !i| a_^L>^j 4jUiij s )ll aL»JL*J| 

*• L^ - l a- O-^ 1 <l)i I 3 J ^Li2_>cJ| ya 1^ 

ajLu^atij iy y~> cJu ^Ij-pVI <J*)L >-j 4a 1I 4<JlLaJl 

aS j > Jl 4 e./?\ 3 ^oJjl ^yz^Jzz * J 4_*3 J^<ji a 5 vJlJL S’ 4 t _ ? Jj'yi 
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(3ij3*yi I.L& oJ_o 4_L1 ? j .IaJLviSj /*-! ^^l 

OA>-j tbjjjl ^-jlj^jiJl j-g-^l jl j^XvuL 4_vi>b“ (_^JJl 

^y—iLaJl o^jli JjJxJ ol>-Sj3! _p“Nlj ^>*Jl tlr 0 

^ O-J Jij l ^JlP *— ’^1 aJ_* Jj>-L IjLs-I (jl 

La <J jltS" ^3 j-i o j-&Lia lP ^ gj' 1 j-A (jl C 

jl jj-w-j ol ^ (Clairaut) jj-J-J Cr*-*~* 1750 j»Lp .o Jjrr a 
O-Lls j_sj 4jjJa_) <jlj 1 4j_laL>- CALLS' LaJj>-_j J^wJsLlJl C»>L-...j/>Lij 
l1jNL>JI / ) L5 ^j>Ljl P- C-JlS” La^ SwLaL^J 

oL-/?LjJl (jj/ clbi (j _^5o la-Jjj) Uai>- 3 £^jij Ll^- a l J-Lu 
^ (_jjJU ^ l$j| j\ \s..„i\ LLajc-~^<Jl 

.A>3jI L<jol^ j-Jo N <J ^xJl ^ ^Jl ^wi-P 0 j_aUp oU 

OUil ^ 3 ! L^wvJ ^jJ J-O 4j (J ^>- L Jj>- Jj>- 1 j*J_9 

<P J 4j jJiJ I ci-LL ^0 Jj J-U Jjw« iS'jwLo 

Jj^l <jl J^>- *L>- j jJ j .^jLk-p i — S jS iS j-^j o jwaJi 

0->^>-l Ojl^>Jl ^^i-P L-^jl>iJ ^ 4 4_*J 0 ^P 0 jj_v2j J cJlk^Jl 5->L^J 

<LoL*Jl <b j h'~\\ J j-g-L (jl ^IsNl l ^2h % fuj .LoLoj ^jL*-o c_3j_^J 

[82] LI bw>l j (jls’j / ■ > L^J-U^ jj3 4 J ( ^ r 5L> j*J Lajl -L*j L 4-_asjJJ 


William Whewell, History of the Inductive Sciences, from the '. j b li (3) 

Earliest to the Present Time, 3 vols.. Rev. ed. (London: [J. W. Parker], 1847), 
vol. 2, pp. 220-221. 

Thomas S. Kuhn, «The Caloric : j b il t _j_a Jl (j-L*—: L* La jjd (4) 

Theory of Adiabatic Compressions Isis, vol. 49 (1958), pp. 136-137. 

Edmund i ^,,..<>..1, '1 ajUa-t- < S j_5LU a b a\ j3V JLiiJVI Li j_*I 

Taylor Whittaker, A History of the Theories of Aether and Electricity, 2 vols., Rev. 
and enl. ed. (London; New York: [T. Nelson, 1951-1953]), vol. 2: The Modern 
Theories, 1900-1926, pp. 151 and 179. 


165 



o^Ull 5 jLS ^ U^d f 1 ^ jy 

(1)L*-v2jjJ 4 A-SlsUJI aUa^I ya U^jI L5^ UajUpI y£Uy .Uj^l 

y 

.A*J La ^y L« UL>- 

LgJ Jj 'i i U^i yj ^»Ap 5 jj & LL 1j ^SJ aJI a^e«jUI o j^SLm 
U uiSU ^y SUy .^j jj E j-^Lt 3 y^ y* ySI o jSS jl 
cA-*-wJaJlj ^Ju^ljJl y-> U ^j^USl aJU^ ^y ^IjjJl ^1 p cjLj^-v^ 

^J-v2j2j La ULp J 4 *U>-i ^1 *U>-lp ^Pr-^aj l 

^y^ax-U c_£3j^o yLJl ^JUJl^ .L^j JaUI y^o-Ul yA y5\j oLUp 

y y y 

IJL) .Ij^Ij U-g-A *}U-P ^cJLXj ^ 4 l ^ la ^ y> ^»Ap o ^JS 

^/2j>c-fij E yJj>- ^3 j_> ^J_P E j_AlJa U-P JUo (jl UUp 

ULL yp ( ^J»aS ^Ip ( waIj->- Aj>-y ^ Li ^Jw<ol>c_UI yA aJI jjS- 4 ^.I E e A a 

l^i sjjb oNU Nl UU^y ol jJ\ oMUJI Uj .JlyJI 
^»A_P Ej^Ua j-JLj ( 1)1 4 LUU Owb>oj . I^-Jlp ^aLLJ a^jU*_o C w*J 

y 

A_> j_Ay>*j A_>c_j J~*/* oL^-wOU (J J->- ^jUvJ £C_s3>lj JSU^J 4 £-3 J-J 

I j.L- 3 y>oJl cililji ^ j-j jVI JjUUl aJU*a ^y 4 US' 4 j*Uol jU! 
LaAAP A^SUj yjSJl oj^ul j^_U ^y ^J. >,,/? US j \ . ^ s^SU A_yJaAj 

y j-A j_>cJl ( ^y-*_oJi a^jAp ^ j»J_P E jj^Ua j-~-> ol ySUwUl yA oS 
^yj 4 A-v^U- U>p a^o^aI L^J (jlS yJI c^UUU I ol jJ iojl 

^y OjOj>- US j\ ,|^—ox3Ul ^Up^ ^Jl |h^ a i ^U*Jl oUa 
(J^j>tj ol y^UUi yA (1)U 4 jZ*£" yoUl O yii! aUoU” ^Jp aJL>^ 
A^xP^ya aJL>- 3 ^^ r -° 00-»S 1)1 LgJ ^ ^-Ap o^yUa yjiUJl /%SxJi 

a^Uj ojjJl oli*>Lp aJSUuU jLy> . <Laj)J J J_v2-a Vi (_^0 

j--®i . Js j^*-v2^Jl f\ f-LwO-^ OjUI j jJaj J_*_> 4jjJjL?^a 

t ^>li- JaJw> oli jjJi ^>-LP a jJiUi (_g j^-1 tJ j jii> i j->-J 

^ i —w-^-»< ^J_P^ Oj1«-L>-V j i a<-V& wL>tJL» La Oilp J 

w-£->-l j ,_Ai <LojVi jjLva-“ JL>-I (jl L-Ji>-V jl (j-— » -ULs t jLLaJl 
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jj t ^Jl *UX4^J| o-X^Jl J JlJ* j 

^»Lia_) 4 a_*JLo_ll olil jJLsN! ^J-p 5JL*wo t^L>tJ 

j- o-llaj 

' — 'l — j I < .>1— 4*^1 aJ_^J l £-3 j-j j»J_P o ^aLIs Lo-D_Pj 

t^^LuJl c->L>lj-! ^ j£\ l LgJ aIjU-* l£ j^~\ 

iijJjj .^iLc- _^~p j*J-P ‘J’jI (_s^i (jLio'yi 4jlJ-> cLUJj 3 

^A £3 ^jJl ^Ufiljl ^Js* o ^aIjs> j! 4-Jl->Jl oj-A ^3 4 ‘ g , J i i— ■>t?x- I 43l 

wbljX4 3-Lp J^_3 ^ XlljXa ttLxjl LgJ ^ j£jj .4_a L p Sj ji .,1? > cjJJJS 
4_«jlJLo o lilj JLsmJI ^jjjLJl 

(1)1 j-p J '-i f-UJ-*Jl j £- SCll d)l3 t oLp OJao ^ L« Ujfcj to j_aUaJI 

[83] ■‘U-jJL JU^JI jjJ j .LgJlS ^ jAjJI jv^oUaj o^U> j-A lg_L>- 

•> f, * 

I 6 j £ L a r^a \*y>- (1)1 di-ta . Jw-_3 { y^ jwL_> jlS' Lo-lLa LoL>j 
. oJjJ->cJl ^oJ-*Jl ^2 _>cj2JI yS jj A la A) aJ^Lwvw-j 

OiJjJLaJI A*oJj>cJ| J jJj>cJJ <uJUc^Jl Aj*-*JaJl ^3 Jtoj d-wo-ftsl ^151 
.L^J ^3 ^J^/7-4.11 *LL^_JL<*J| Aj>- ^ oJl oLjo^Ai l)LS" 

(^T^ 1 ^ l)^ -A.3^ 

oLo->t-^J! (jlS' A^ijli<Jl jl j^Um\ £4 <j^J .A3wb jJi J-pl j3 

dUwXj l, — >_»-4*-»J a a^* L«-s ^ a»LSCa»w^JI ^ 

* 

oJw>-lj Oj^Jj i L«L«_) ^^djLaj^ ijlipl «^,(g Si o (j-ij t j * •I '? . ' ! 

i* 

ipLo_>tJl (_5-lJ ^ ...^ /a .xJ ^-sS-J Lf-^Lsr- 1 dr^J 

l,j,,tf„.,43j jiSvjw-x o-tpLx<Jt olplwaJl jjLSo ^ J .., ^ a . i j . J>i 

(t _L*Jl JlpIjJ t(o^jjLwoJ! 4^sL>xJl oIaaVI oli o*>tjJ-*^JL> 

^ y ♦ ♦ t ^ ♦ 1 

a^jLJI L^UJI .AJLwkL* ^i-i^ jL<jwoJl y-# 

. <J^L*.au ^3 d-> jL*/? aJ ijij 

* 

JI pLoJLjJI (1)Ls t lil_>- (_jj_3j_«Jl I J-A ^.y*Aj Lo-LLPj 
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AjLaj j-SCo j-{j^ ^Lj^ «aj o^A 

0 jjJJL ^ .+ ^ >j c_5“‘" > ' * * ‘ C^-j^LdJl] ^ ^ >L> j->o i^ ^j> w « ^-3 Ln» 

^jU J . ^<J ^ «/a. 4-1 1 4_JL-*-m_J d^-jLlJl cl J— ^ 2 -Jl aJ— &L- AwO ^J—P 

4 ^£U jI ^<k->sj ol ^4^“ oLaJI <jL>c$* j»^JL>-^ • ^5 IS 

c A-dJjc>t-^ j_> c oj j), </? .1 ^ ^>-1 c 

jlj-iiJj cJ-^*-lj LgJ L£*>Lp N 4 jL^uL *j->- J5 

(5) * * " 

. #tjL-j| (_/~J J L^ J 4>tOjJl O j& <■ j^-Vl l^-./3.».' L^vi*j JjjUaj 
0* 

CjuCi— ^ i <*iJ j_$jl>Jl <jL»^w'*yij olij (jjoJ! 4) j, L<J 

^j-a CU~>t^i 03 <jl jJ CS" (JL>cJ! 0^® 1 ^AjLs ai J>-j JjI AxJ 

l jl C-wjlj ( j-xLJ iSj-t O-a-j J*J_J 4(jL— _>Nl ^^J-9 4jf~>t-J 

t (Walfgang Pauli) ^JUaIj l«1 . < 6 ^(<u1p JlJo jl *^<J1 j 
cjU jJa<J! ISwiSws ^yp (Heisenberg) aJIC ^ j^J,) JJ j 

Jl t j*J3l L5Jl^J> <U jJaj JjjjJai! ^Ip O-i .1 JlJl $4] 

*> 

• ■LP y 6 JJ-* 2 J j_La aJJxJlJI 0 , 1 a ^ f-LjJJt p-Lc- (jb* JJj-C? 

A ^ tP £. 

t ! J j>- ~b»- jyip byw 9 ^'iH j \S oJU 4 JL>- (_^1 

I -Lft ^-4 j_A La LJj_A LoLfrJww ^ *^LLo- 4 kH^S" cT^ ^1 i 

0 Q ^ 1. ^ «im 1 1 a-i_A j . p-i-P ^jLo- ^u>-»i 1 

^ jii .bu i^kij 'jii Jjj cl^lo U» c 5 ^"^ 

slc>Ji ^ Lj>^JIj J^S /1 ^LpI J-Ll» <• _ r g-il 

ISwLSwJ! ciJ-L ^^aJL jtJ j^S*LJLj <u ^ jl a ! ^Jl LSwISL^JI 


> 

Thomas S. Kuhn, The Copernican Revolution; : J j-iJI OiJi oJ j (5) 

Planetary Astronomy in the Development of Western Thought (Cambridge, MA: 
[Harvard University Press], 1957), p. 138. 

Albert Einstein, «Autobiographical Note,» in: Paul Arthur : L Jl (6) 

Schilpp, ed., Albert Einstein, Philosopher-Scientist, Library of Living Philosophers; 
v. 7 (Evanston, 111.: [Library of Living Philosophers], 1949), p. 45. 
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( 7 )„ 


#aJ'j o jfl jUis ^b^l (OjJiJl i<u>bs>-^U ( Jj»*JI 

^jlli ( j^J tljj>- ojiti jLg-b, 1 ! ^AljJaJ olSlj-iVl ob_A ( JJU (I)! 

(jl J-bj bb>-3 Lg-Slj.il ^J-P A-J-S ej j-yg- 1 i 43 jJL) ‘bj'yi 

,A-vO A j 2-P b > -gJ b A A ObtJj dlljjb V 1 objfc A—A*b J J-A-* 
(_yi A_L»sJj»- AjwJo p_kjilj— Jl j_jb 0 j_&Ua_i lj_b OLaj^ll J-Sb 

jjb- c-w>tbl A~b-> aJb j >L pbJl cbos-Jl .apIjS 

j jb jb~ b j*bjil^Jl ^J-3 b i jZi J*>b- eb>tb! 4 1 jJS 4bjj/l 
^J-Lc- £t-b>jl S-UJ-S-bij j-*-*o\ A_ajVl JjLb tb-Pe-JI ^ C-S^Lii"- V I 
J-£ LL->-li ,A-j“)lJ 43 J-3-1 ^ CjbjNl Jb 0| jb> .aI j-~JI 

^Jl AiS-Lb-il ApJb-a ( _ s b’ AjjJ 3 >— a lL/vl l Ajl^j (_£ibil jbbJl C^Ao 

blgS Lf-s Ijlj ^LJI bibjl ^L ^ja tb>3^l ^jC! 

ajjJj>cJ 1 oLjLibJ! !_^->- ^ jLij ^ jb-l cj! >»ljwo -jabb 

i^p-j jlSbi ^1 f-bJbJl ^y . aJbxJ JLS JjXjPj .o-bJpJl 

^Ip (Jj-) b> bbbbb L b>P jl>s_oJ <C-a 1 jJl blbbl ^3 cj^ 5 ”* 

*» - «« 

J^Xj ji»-l J^>- Ljl>~ ^ j-’J 4 y 

w fr, * * fr * p t 

JjJ_>- jj* 9 - j^bb_L> ^j i 1 J-i i, I (. j 1 p\ olj.U 

Llbbl o j-kj 4 aJ b^ 5 *" ^S " ^jA AjcJtj b 3 dAbbtj^l j^\ 
ajL^J! ^ja ^b-Nl l-bj .babji&L b* JbsJ 4_i 

C. " 

j»jbJ jl b_ub (jbb 4 A-Jllll J J,y? a 'I jbl^'yi N jbA 

aj_A Jw0_5 b <_s^b! jib_fc (JULi j\ bob ( J_J_3 £-3 jb aI^^-Lj 

.bijjUjI AJbJl ^tlj j jbaj CAUa>-*5biJl 


Ralph Kronig. «The turning point, » in: Markus Fierz and V. F. : J ,lj _il (7) 
Weisskopf, ed.. Theoretical Physics in the Twentieth Century; a Memorial Volume 
to Wolfgang Pauli (New York: [Interscience Publishers], 1960), pp. 22 and 25-26. 
1925 ^l*Jl c~a~Ui7 ( _ f bl jaH I ^ Ibbbbo ibjl klliil o-L* ^ j~£ C"*^ a ~« ojj 

.S 
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OjSLi ^Jl j-» (JbiLj'Vl A_J_«_£ ijj^ 

i. A^a^S”! j-> A.J.oA' (j ^S\j Lj AjuI ^A j*-L*J djJl?- J-JLaxJ LJLLi 

jA j .Am^ijj jl ^iAj ApLv? (_Ji jJp jjP (Jasx^j aul^P [85] 

f-bJI SjIp! j i 3 Jj Ja- i j~+*i\ y* J-i>Jl a-Il SjIpI bgjU JjJLS! 

( j S’ ^W2_3 t JJL>dJ AjjJfijJl oL^^cJi Lv2-XJ ^w*-J 

, Aj Lfl-wJs2j ^ k> ^’ 

^ 1 

<* £. ^ 

Lv2oi -li'dA 0 .JjJL>J| |*jdJ3jl A.la.. *) I y L^U- 

ji <c^oJl o j£z ttJLi£j'^n ! J»<k^SC LsJupj . j Jw>%]l J»L»ji ^ jt_~ ul>- (_j ji 

nA^-I uty? j I y>-yaj .Ailjjbt J 4 4 AjI jJsj 4 ^li LgJ jii~> 4lA 

CjNIa- aJL>- <_5^i Aj jJslj j^C- 4 j, -I'fr ; --a 1] ^w>-jJp»Jl 

UwJl -UU^JIS")) l^t aJUJI diL' 

4JL 1 1~Ja*-aJ I A*U-aa-P 4 l L^2jia 

4 Jj X>- oli“^P ^UiJ 1 g-i'j » < LfJW> J 4 Lgjl.2 AJLjL^JI 

<U>-Ul o-Aa I jJi>-'y JJi (j j jA-S/l LI . « LgJ k_iL>^ j-jslj «ia^ui 

aj^aJI 3jj..,^> it a^jUu \jjS\ j Ju 4 ( _^L*Jl y* 

jjlis IgjlS’ Aijj OL*}Li! (_£ y LdAA LiiA^a ! A-jJUa^sJl 

. l j~J>LxJ\ jl 4 ^-is LfrjlS ijSll -xaS _ boj 4 j-«Vl JjI ^ 

& * ^ f- 

aJL^ iLwsi Ojj-i N *LJl*JU .*>bL^k>i ^jl jJ! 4dUi Oj-SCj j( 

* ^ 

jij .Vl (j-«J 4 Aj j^j 4 AjaLvO 4 i_f_Ui jy ^ Xi J .^A-i 

jJUJi 4j| 4 J ^aJI c^-oj>kj (_s^l o*>ISLlJI ol U (j-^* 1 


Herbert Butterfield, The Origins of Modern Science, 1300-1800 :_ r _Ja ;! (8) 

(London: [G. Bell], 1949), pp. 1-7. 

Hanson, Patterns of Discovery; an Inquiry into the Conceptual '. j la II (9) 

Foundations of Science, chap. i. 
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.<1 j-Li Oj$ jj- 0 c ; 015 L«5 j V I 

i Aj j2-*S Aj j>*-i Jautl»4 'y jJUJl (jl ‘iiLO’NLO 

^3 opljis ^j-o L>L<o_j az~*>- ii aj^5s_«^_> ^50! cJUa^JU>cJi 

LaJ J^Aya i~3 ** ' 1 ^ - v I ^JJOjOi 05 4 di-J.3 /*-a J .Aj^ 

,^0UaJL>iJl ,J_0sll! 00/ “UoUtj^ 4 j*-*j.ll^ r; -LI JtolSvJl (JLioO/S i5>J4»sj 

.C-3 jiS 15 a (_i jJLa 

i^Oll (jL) i_si jZS-'^l 1 4jLL~»0i iOL*3 ^jl51 L)JLpL»u Jj3 

4j>s_* 5 Ji~3 ^j- 4 LL^ajj.} Uul 4 _vsL>*u 4 c J_i J_>- CjL^Jaj Jj^-g.laj ILaJJLa 

00/ j .cjliLixS’Vt j mJL^s l~>tj L«mp LgJ> I a a5_»-*JI S Jx^aa 

1 4— o»L*Jl <U/“ jLa-^JI jJli -L>-l 4S0L-*J| ^JsAj o-A->_L>- iijJij 

4 a_Lx_=»wo jtJLf- ^3 J 4jjJ_X>i-a J_p! jJLi jl-Li IJ-jAa- |j_J_4j ^»J_4 j j 

[86] La-Llp V! j^JaJ Of oJjlAj^JI Aj jJa^S\ 0^3 4^oJ_*Jl i >Ua5rJl 

p if * p p 

uiJJj d)l j+s* .1 ^ wLJJzi]! jL j j-*-^j 

(jlj 4*LojVi 4 JU 3 - 4_a JJL> j-^Sl O-^J 

I^L<i3 . jjj ^Jlp {j-° jirJtp 6 jJl£ Js2_>cJl L^-J j 

^KLi 3~* AiJ_p 3 ^jw*_>cj l-ILS" ^ ^ p- ci^_>b_JI 

** p 

i_i j^>cjI J 3 ul Uj-*j La-lip j»^X««c- ?-La_L*Jl ^Ixj uiw j ^0 jjliil 

?4_*_« l£ j~*~“ i_^ ijj-^Aj 

ol (3 jj ( j- 4 (j-»-J j 4 a^o^jc^^a A^ulji <XL^'*yi dLLj 

P ✓ 4 s 

Jilj LiS j-* Sjj j-siJL u-i j-^ ojj .L^jjlJ L^Jj? j 

* 

.j^s ^j> j^ 2 ^ - ^- <> - 4 


jl ( Va 4 4 JwJj>- jJ-sVl l _^- e 'J 4 ,AjJ^»*J| j^-la.-i La UU 

ji JJ J .L>witj LS'ljij Lg^ljil J--3 jl La j jJaJ ^ iajS/l 1 uAJj 

4.iJaj>-'>La foj I Jii 015 Juii .oJ_jLi 4^jli 5JL^ ‘4-jjt jiO/ J^«_o 
4 j jiij ^s 0 j oLiOL*J J^jLO cJjl -'-*-1 a ..■ 5 jOJl 4_w»jiLS'Sl! 
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/j-P Oijj-OLa L-A (1)1 -+&J 4 ^Lp £jA (J^Oa^j-LlII 

jJL)1 dj j-^> .4-L j*~d2~Q jl oLj! jpl fLvoO* <Loj')l J-ol^Jl 

(Thomas ^jj^j i^y 1 ^ 0 ^3 <-*>- ^-^1 aj poi-J 

4 oLjV? „ ll j»JlP A^aji J J laJJ |jL>* 5 j-SC-a A-L>- j-a ^ 4 YoUllg) 

£Jj_> j*JL*J| t j_a oJ^-L^wa 'y jJj 4 1 g "1? 7-^La ^J-£- (jlSj 

taXxP i ^Jl ^ ^O^JLa 0^3 L&j -A-3 C^-jL^J 

jl <=• j-aJl ^.la.T.,u ojjis JjU CjNL>- ^ .5 y> (JjV 4_^XS" j( Jjwa jU^i! 

0, ** ^ 
oJ-pl.ji (JjVl J-JLlll £-a J-p ^p I IjL-pl oj Jj-^J 

HwL J j>- AJhjl? (jL^^fi ^2 i j-Jo oLuiSL ^^UJ! 

j^aOJI (V-d La J-^-^ dr 4 Laj Pi P=-^ 

^j-p iwO*-> (jl Ju ^ p>.Aj j .L a /? I (Jj^/I 

.^p jjl JJLla 

C ^Loiolj oMU-i' _ <jp4 oYL>- 

03j) _ JliJl ^Lp U j-s^L*-<Jl AjJ pil Aj jiajJlj 

Oi>cj LcJj»P^ . jjps?^a jU^jl .}jj>- p (Jj^l! pi 

j^P p-*Jl j-A L_P ^P-P PP I idt l h J-&3 lLU.5 

^3 aj j_Aj_>- ^Jup 5 ^-aLU ^-JL*Ji a^-Ij_j LJL=*-j .^UJi 

V JL*Jl ^3 j-A 4 aJwLo ^ (Jjl 4 LflO ^>- jJ oLp^-Jl 

i_^£" <jI £~°J L&jUapij liji 

4 Jj <uli 4 ijUrfS (j j5o <jl ^ ^*-1*31 <jlj (_s^ J P”^] 

4j j^ lV a 11 4jaJsiLo 4 (_5 °J J*A> 

p-j>z-jd (jjJs jj-P 4^«J>C^J CsSj}\ (_5-^ij 

a~1p d)l? L«w<i Jl>tjl Ujjj 4 6jU| 4ijt>tJj 4jL^J S yi 

** tf- 

j .LiL^ cJ 5j p 1 -4/2 L>- d)U l)LS* <_JjL>cJ ^3 aj j-p? 03 j 

p 5 *"! a jyr . ^1 ^-3 (JL>cJl ^j-a Lo^a ^ 4 ^-^>&-a 

<» 

jJUJl e j j).^<aJ L^jLi^a jJLj 4_i 4 Lo jt-LxJS J jjaj 
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li^-L L*^2 j>c_Jo ^liJ! ULp jwLj u3 y-^j .Lj-o Ijl-LLut 

v L^->wL>t-s-^ La {£ j-i Vl ^-wwJ c^ jL>cjL 1 L ^ A^jl y ^S' 4jL> j_Lj 

y p, y 

C 4jl.i 03 jJ! (_5* J .UloJ l^Ijfc*-Js> l j r t*s-cj 01 j-OL ^ A^wj ^j-P lO»-L>J 
t AjjJilll L° £jj Oji 4jjJ><J jj-^2 u ^j^Oi-oJl jj^o oVS" U J 

0- LaLi C->LjJaj jJjJ 01 t ^'lia.A.il t>Oj C j»jjO>Jl ^»-ll-*Ji Op 

1 .r.j (JL>- (_Pj i juj> jj (_pi JjjjiaJl 1^>-1 >sj oL>* y ‘—0050 

» A.-.I — . ,- J ^ ^ ... I 1 ^ ■ p ,-y A ) 

c <—*S jS aS y>- aJO*_« £-» Jj jiaJl 4 pI j^a j-Lp ^ j XX 01 

01 j3^J t SOj J j>- COljLp jjlSvi 0 jAUs ^L0 ,^yJlOvOjJ <_jS_yPj_J 

^iilj C 433Ls^<iJi ^1 p O.Oaj ^OJl c0w>s-Jl >^0” ^j-wLl« 

1 _ 5 j0 01 ( J-Oa>c_*JI j-Pl ^Xs- o j-&Ui ^ i - j ^j£> g-Ou 

oL»-*w»Jlj ( Ji>Jl aj J ffi jO>L*-<Jl tOw^Jl ^y> jlll J-OsjI 

01 0^'" a ' J ’ (jj-oOl ii ^yflAi i«jl t—jl—p JU- ( _jAS .^u*«L>»*yi 
3^gj>s^Jl j-o ^vpOi-oJl OlS" t jr-UJl Op 1 4_Jl .JJOj 

*f O t.-^C— I ^ J l.i| C^l ^ -* ' ^-^0 1 , ^.P C m .i ? i« HH ^ \J 1 a 1 0 ■ ^^03( ■* /7 ..1 1 

01- S” ^J»^3 ^ Lf^P t- iJ L&l 1 4JU_i2j OOP- ^»0-xJl O-pl 

J aJu>- ^Xj*-i 4_ij_L*x<»Jl 0 jjOj>cJI ‘U-O* jOJ I jl ^0 j-^i OL^P^M-i 

-Oa_*Jl (JtA->- s-Uj-j-oJl jt-Lp j>Nl Oj j^>t_Jl Jo.* j ?^OL5001 

4-itl«-j XXy>- ijj^Ai c_-|jL>cXj 1 ajji dOlS" t^-O’LOl 


John Louis ’. ^Xx\ jX~£ (J-^-O owjj 0-^ (10) 

Emil Dreyer, A History of Astronomy from Thales to Kepler, Formerly Titled 
History of the planetary systems from Thales to Kepler, Rev. with a Foreword by 
W. H. Stahl, 2 nd ed. (New York: [Dover Publications], 1953), pp. 380-93. 

oilit jrAyi if* (Dreyer) j^jjs 00>* ^ LlL^O ^Xj p-llaj-S/l j 

Joseph Priestley, Experiments arid : 4_JJ 4_,lxO jJaX\ J_p fYLLbU ,b_«. 

Observations on Different kinds of Air , 3 vols. (London: [J. Johnson], 1775-1 784). 
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cJijJ N a- 3 j_L> 


oJlj Lo a_p c->j ljLSC-o 

Ju Jc>c-' J to 


t ^ ^ -j-J 1 l.-X_& Lo LJl—p 

f. f, ^ s* 

Ao?L>- 6j (. ^LJL*J| Ol .ji>-l p jAj L C 1-4 ^-4-P 

OLtl SILLS’ .^t^iaJl J—L>ixj| ^Jl j 1 4 ij <4jl ol ^xs 

Ol 1_4-L)^J ^al frLo-L^Jl ^-X>tJ pj 4-4l_P OJ y ,,fC. ) & .p-glo ^JJL>- *OLc>tC>-! 

<CoJ-aJl ol (_£il-*Jl j*-L*Jl o-ii-P ^y> ol ^ol jJlj I 

^Ib l_4 j ,4_£— >-_j loGoM Lj_>j_ 5 t 40 ^Jil J 1 jj i >U ii'iLpTJl 

<1>-L>- “>li t aJ JUoS' ^-*jpI j-J I (JL>_>coL> 4Jjl.s| /ySoij i__£.il*Jl jJ-odl 
J-.^-ftJl LxliP-M A ij .a j_&lij> oLo>i ^A jMIj J_p! jJtil 0 j-£o ijM 
^j-4 aJw 4LSCJ| 4-P ^-40t-0-ll .S^_>- ^A4*- 4j>-L>* ^j_4 ^J^wsj 4jl ^OjL^cJI 

J J^l Jju M OiSi ol Ml .^yLJiJl JJl>o]I lfs> Ox^, ji\ ApI jill 

oLO’l jAsMl ( j -p o~=^-Jl ciUi U_i tolo>l jXiMl ^j-p ol 

^w2-^ 4— iJL*3 4JL (jl N 4 0,i j^P 

ol . J-owL>- j_JJiiJ ^oL^ol £-1 j JJL*Jl ^^Lp L° 

» 1 1^ t ^-j I 0 jjaJl ^ , * y-> j j) . ^ . 1^ 

Aw^Lw_li JJL>&o 0 j-^l j*-S3l LSCoLSCwoj a^w-^oJI 

Uj Oj_$o ol iij>L ^2-a ^ lLLSo-S^ » 

IjjP i /j-OLfe LJlS” iO^ I Ai 4 _>j-SMiJI 4_i^j»txJlj ^pJj 


[ 88 ] 


! jiOl tjXLp £^L0l d^AJl L^-jOOs oAi^j <_s~l^ a— OLOl OaAj! (11) 

Rene Dugas, La Mecanique au XVIIe siecle, des antecedents seolastiques a la 
pensee dassique (Neuchatel: [Editions du Griffon], 1954), esp. chap. xi. 

Rene Dugas, : ^JO! 0 jAJI OOUII oil ^J-l OLJ— J-t- oLkMJ j 

Histoire de la mecanique , preface de Louis de Broglie, bibliotheque scientifique; 16 
(Neuchael: [Editions du Griffon], 1950), pp. 419-443. 
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tjii i j^-\ Cwwj Jti oaS UwS’j ^jJsJ La_~uL>- 

oLU5 ^9 4_a~>a_yi> aj y~,£>j ,9jJ>-j_aJI ^-LJ,>sAJ| (_£ j-SLijJl 

5jLo*j Ji t(Bohr) jjjj c^IaLi;|j 4 jJ-Jlc- 

5-ajS/l jjj>- (J (_J jJa-i 4-ajLdJl *ti jJtoJl j»La! pjA-iJl j*_*_ol j-Jl ^yg.9 
. ^A>ax>Ji ^9 4*ip ^ _J-sA>=Jl ^^loj N 

«• - * . . 

(jl jj^La-J 4 4_*_a_A>c-a jl a.i 4 a_LA ^_2A) £_aj 

i A jig-z^l #Lij*yt y£ y> j J^2-n3 .y >~ I AijS^j 

I ^*_9 jfiA tAA jXX ( ^^a.-LaJl .ilApL ) ^ 4 ^A^J> 

(1)1 LJ -li j ,aJ_)j_>- oliULxSl 4 _^j^!I j -jll j L> LJL*_s t L^-S" 

jLcuJl J^p ^ j <1)1 Lik^'y 

[89] J^>- ^Jl ^)L*Jl pj <1)1 Lip 4 jJ ^J-^-P 

^3 AiLJu^Sl ^3 j-Jl o jj^LliJ (1) j-pl j-ll 0 jJL^SCJl ^j5Co-> 

djl_) 1 ^J-P ^^3 cJkl-S L-JL^^l C AP^^v«j^ C •'—-wok I^*j !<■%■-} • t 
Jio cl^a-^j .l^J^j p-j-^JJ Vrj-Jl Aj^JI jjn§-k 

Aj>tkL> d) LS" p 1 ^j^LSCx-il aIs-^iI jj 1 

'j* jJLo^) , fc >L^jL>T^ jJo- ^ 1>^N! Uk. ^ yS^Jl J-akl 

iSLia ajLSvj J^jJ! ji a^i! jlS" ckJkUJ! jlS' <^111 (Malus) 

4 aj */?.. li ^^iJ_aJl jS.^So'yi a jJiUi eJjL>- J-Ai 4^aJ_f- 

£. y 

iJk 4jl_i ^jjIj (_jUaj (jL? (_£A-Sl j-aJl J-Aj 

^5 " jfi a^AllaJl k j-^aII Ay-iJl JJU t (_g^j-l Cj'ifk ijlAAj X*^Cjl& 

4bAjwL>J! (j^ 5 S-ikL^wo olj-JJ OjA>l t ji J-li 

c^i L5* 


Thomas S. Kuhn, «A Function for Thought Experiments, » in: : __, la-Jl (12) 

Alexandre Koyre, Melanges Alexandre Koyre, publies a /' occasion de son soixante- 
dixieme anniversaire, histoire de la pensee; 12-13. 2 vols. (Paris: Hermann, [1964]). 
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^Jl L j^>-\ «oNL>" «l3ljw& Jlj-> 

L^-wLp j^J_*_jj LJLp (C, jJ c-jIS’ ol j-JjLj L^jLjlpI * <l£_JlSsJI 

L*J Ifr L wO-. {*£> fc *^ ^ ^ ^ 1 C 1 ^ 4 

*Lkp| I^ujj C~^- ci^ 2 -? ^r*-* 

*)! SJj>x*Jl oliLLiS"‘>U JjLo-« 

.1895 ^Ip J\j=- Jl, j^JI 


4^jJL> La iiLvi^L) 4(_J^L*Jl j_*P cLpst-JJ L)j£j (jl Jj *bl J 

4 £, p 

IjiU Nl IJUj j*J 4 AitiaLaJl e.L& ^ 4 LlSL!j t (_^j^-I _yfclia-a 

^■jiaJ a^>-L>- *y Lojjj .L^-jiaJ a^-L>- J^- jL ^xJl 4-Lua , yi i_sLix5L 
A~il5 0 jSo ( 1)1 (— ^>o aJLL»JI oUi?-'iL»Jli .(jlS" L»_a j£> 1 AiL^yi o.L& 

A^ii 03_jJl jijJj jJLidl j>L 5L>-1 ( jj» Aaj'yi i—ajL>zj < Las' uLwjJ 

^ #> 

.L^J&jp^- ,*_i_pl j-Jl j_w_ijJ Ljjjj-^aJlj ol.Ja,.*-aJl 

f, <■* p 

?J_p oyslki <^pL*Jl c^lJI L*lkp| ^l) 1 iJ-Jl jijJ <.UL^-lj 

o 1 ( 1*^3^ 4 L^.slwsj j . . - 5 ^-Jl / ^p i ^3 ^ LI 

(_^ jj ol ^-JaJL-u aJI 4 a^5L^wu*>LSL!I L$LuL$LwoJU JjJj (_$1 ajjJ 

^AjwiL AjiLclaJ! A3j j^aJl £3 ^xjl IP ol jjfclls aLu! ^i«J! oli%J! 

LaJ-3^ . 4_*P ^jjl cAjIjI j>tS\j 4 ^-s3> ^j*y \j 4 3 ^ . *j *y i .... ‘> tL i 

4 /^a ^~L>J 4 LilLsa .«Upl_J Aj jj A^)J| fljj^ ^i3j (j^^d 

4 Jaj La ^3 a] ApLs^ 2 j cjlS" ^^a-L Lj jl 4 _btb>sJl jJl [90] 


VaSCO ! 4 L 3 ( CaU^waJI ^»_La- ^ (13) 

Ronchi, Histoire de la lumiere, traduit par Juliette Taton (Paris: [s. n.], 1956), 
chap. vii. 

Joseph Priestley, The : ^JiJl cCjI^LJI »Ju» ,jj> ap-( jJ j^L^JI ^...Jc.11 ^Lp ^>U=>*>U 
History and Present State of Discoveries Relating to Vision, Light, and Colours 
(London: [Printed for J. Johnson], 1772), pp. 498-520. 

Einstein, «Autobiographical Note». : ^1 (14) 
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J> as- t JJJl ( Avails ^3 IjL-l J i oJ_Oj a*3.s aLS" 

Lowj _ 0 A_L>* j_Ol (O-L) A^-w^b l-* Csl .A^sjl ^«o_P ^3 

aJ_<J^- iiiji » Ail i. i_aS" ji) jLwJ^I i_i~S’ t OUS 

aLIS ^~C- Jill: ijl J-i V a!Ow« 3 _ L^lfT L^JAkJ^rJ JL*j oUlg-x-aJt ,^. . ij.-- ; 
lift Ja^-*>lj U j-PO .^IjJiJl 0-^ i_fJJ AS^ 00 ol ^^tjJl] 

0 jjl (1)1 ,aJL^_ 01 cj-ft (J ^J5— !-\j>-! J L-_~- 

<* p. 

4 Lo-jI^ ^i_p^ 4 & Oj a^>- AiLL*jOkJl oo L p i ^w>“ V yi c0_& 

/ jj Ij j~£- JJi>*Jl ^Js> ^ jjj-U- jl oL^* 

£e-v^l jJl 0^ ci-U^ 4 L&jLgJ^I ^\ As>~ L>o <jJaiL Si e0_& 0 j^So ^ A3j 

4_^jLaJwA>_} 4 JJl L>C_»_A> ^ 1 f-'V Jfjb ol 

ljj-> ol ^3 Oo^’ __/d ^ -Li 4(_g^L*Jl j*_L*_U ^oJuLol wLp! j_iJL) aJLL*^ 

(_£ J ->-l 4_P jpa-Px-4 4 AJLolj IjO^ ^>-0>x_) wLp’l JILL 

.L^U^ J^x! 


4 4_^<>Jv_p o j jj Jo J lj>- J^>L>Jl JLfljo'yi^ 

,0j_OLa A^i jJJ ^L-g-A 4CJj <J jJ& X*U J 4 1 J^>-1 Li J-S^ y Jja 

<w-*-*_*2j1 J-L-> 3 j-^ 1 <UJ>-L 4 * J-J ^3 4jO_>tJ 

ij j.A,a a,\\ j}j jJaJl L^-^j>cj coL^a ^1 A^i^SLJI j 4 L^j iiLw%wA^fl 


4jIJukj \jJ^ t 0~ ;> ’ ^wjl_w*»*yi ^oJj<JI i^j>tJ! u-^LoJl 1-L* (15) 

4_j ^ iajJl ^3 ujL^VI L 4_oLi ‘ : '- :>t i■ OLi ci^JJ^ ^Jjp- o^Ljj o 

Ai>-L?i-1 -Lji L j_a tjli t s^iU^ .OJJjJ IOo*>i-La I J-sS^Lj 4^0-*Jl 

ol ^1 1 1 j_>~ iJiO-o o LJa^j ajIiS" ^ U y y_ (Harvey C. Lehman) OU_$J ^jU olj 

Oon_j SajO>- 4 j^So o-'LpOvS’ lUj L« V I ^j! jj J ^1 aJL^!^3 

aUi>-LiJ^/I i. <Omj ojj-stf-J t O-Sl _^-J 0\ c Oj-L>- j jl I J_A t jJiJl ^3 

Harvey Christian Lehman, Age and Achievement , la ,>l .j» j— 1_*_JI o^-J^Ljdl 

American Philosophical Society. Memoirs; v. 33 (Princeton: [Princeton University 
Press], 1953). 
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o 1? ^Ul LjJu (1)1 .o 

i )\ jl _^,Xa Ji tS ^ (JjSf ^-3 jlll 

^j-« ^tS! 0^ (^ ^ l*^-> ^ ^j-~-JcJl U^° ^ <-^ /%-A^(l^ .tl)l^3L$ll-4 

* * ' f, 

bLJU bJu> c~>^jl b jbb jJ Ajyb oJl&j <.«gpU- jS* p_Lp» 

j>JJ .‘L.’jU-aJl ^S Jwa>w b/ bib ^jivJ .^yjjbi I wb»j! f-l jjjJl ,-jA 

O-bjJab bLLa-a b j^b bl lb bl bl-O^ ^1 p 

bb -l*j jv-5 L^jU t N b ^-Lc-jL blJ ^jjjijJl c~uJ f-!j_^j .4^oJ_*Jl 
CPj^jJs 5 wLS ^j^PjLbl ^j.b-ya.A.11 J aJ_jL>c^»J| t J.,.' J i'g 3 ’' !j_A b| 


^»J j-jlx^ i ^^L*ii j^bbl bUbl ^s jU^b'l i ye- SJjJp 

0151 b y~»y .1 yy ‘LaJj-y^A jL_gJblt bl5 IS! La ^ Ap libLLl 


l bj! b ^_>-! yA ^3 j\ £-2 jJ ^J-P a 4_gj>-l yA ^^3 aLb-bl 
A-*-^ba Lab C <CaOUlJ! alpbb-O! ^bl yA bj-bb-a bt3 yA bo^bjo 


bD 


v 4_*b bib 1 *JP LS l - <,r$ i 1 j LJLlj 1 b j? bJ JJ Lbb 




<J-0>Jlj ‘bbbl ^Ji\ t-y>zli\j i. j}\ aJls- : f£- j~*s . Jlj b' 

yA cJLlb l ^y£>\ j&\ y** b_b / LS” ^^bwabl b y^~ 

Jp ^jJiL*Jl j*_L*Jl o J^h ^ yA j y .(_£3L*J1 j^P C— >bl ^1 (_£.il*Jl CU>bl 

.olj jill i^^LaOp! ,'^jA j£\ 


[91] 
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IX 


cLfoixJt A.au.,<la 


<1)L> I ^^>-1 cLLL U 

t <=Lw^L*Ji .L^-jI ^ J!^ :>c - < ^ < -- J j~*J 

o J_fts i— >1 ^j>tJ 1 ^J— /?->- J-flJ S ^oJ-*JI j jialSl 

AjLLv*Jl <LJL&!jw<dl cJ^ i <W?l>- ojj^/2_)j .aJLLwJI J ^.yjgja.1' ^5 dJjL*)'yi 

d^l-L>-*y \ aLJL^ < iJ^ L£jL> ^ ^JUJl c^lj^Jl l)1 ^.L p 

J_jJj>~ j_> i Lj^>- jl LK 4 l ^-3 ^Ju>t_> Ajj 

j-JlSGl iSLwA (1)1 .•‘L*^ UL^Ijj Oj£j V j C Aj«a ^j_il 

iJ}\j^ ch_/"^ Cx^ a_<>»jJJL Ajw<s * j~t 3 t<jLij d)! Low^j 

^ J y p-^-^Lrr^ xry*-> < - r ^rjri ^ -c^^i 

t ^-oJ_*Ji j ^^-vL-owJl j ^ Ja j lll Aj j-A i ^Jl jJlM 

Cl^lj J c>cj ( ^xJl EjLxIU^'Vl jj-o i bljl^^Jl (^1 


Lo ^.s I jj& Up jl_s£> 0 <1) i ~L> N oljl y *Aj>-I o\ 

ULp (l) ^& j 5C> ^jJl ‘j-UI .-Lj I I bLj A_«_A^ L^A^W 1 •t>T“" 

«. #< 

4_ojLiJ! oL; c ^3 

.LjJ_>- 1_£jJ^>-jI Jl3 OoL 5" A-JL_> ^^LSvJl ^P Oo23 jj 
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4 j ' Ao ^^-oJ-kJI j j-^o ^JuL^m aaj j]aj j 

4 ^o-L*Ji Jj>tI^tJl ^y* 4^3 ^lp ^ j^sCJLa j^So L° LJlp J^'j j^^£ 

y& < jLSvJl ^3 4 jLA5C]| <U3 Lou J-o-^jI ^JP *UulS oLyuj» jL 

.i^-Jj is^ L)i |*-*j^i j*^\ dJLJJ l y* 

\ j^jcjlSI jtS" j ^L^JI j j-LjlJI jLS" 

^ ^ ^ p 

jb 4 (^LU^ ^JlP <oLjJ j J ^ la.] LjJ j-v^ LW <Loj| 

p. tA 

N Slji ^-oJl jJ_L> jli 4 Ju>- ij-*/? 3l ^Jt 4_la_<iU 4_*_^jjjJ (Jj^AJAu^l lj_& 
4_>^-v^w^>-il *w AJu ^j-— ^ L&a^ - ^ I ^-^jaI^aJI ^_^1p ( ^ -■• ^3 - u 

p ^ p 

•ja-J Jil CpI ^ip Lu2jI (J* JaJj L^aSGj 4 4-0 j I j ^j-o^SLujJ j5” 

0| • I 4jW)^ I ^1 1 4 I ^ \s< 1 1 . ^ dj d^“ / L ^awwJ 

jJUJ V 4 jj^-alJ-Jl J-siSjjJl AjL^j L'-ka-N l^S " j 4 A-s_o_l_*_il oijjiJi 

^t <i-wvjJL Lai .Lgj jt^jLiJuiljj o ^jlj ^dJl lIUjI dip 4 j jjj [93] 

l ^s A-Otp Jjs-I ^- o Lg-iLS” J jd_d jl ( jP< i— J l oLaJull jkl ^jLd- jt— * 
djii . ^j^dLuJl ij ^iLJl JjI jl oLSJlJI iidl j jj JiLa ^ ajj j . k~:J I aJ^-rJI 

^1 AsLv^I ^ j>mS Ad*-— Jl A^da^l 4 tjLd>Jl — -a ^lp 0 jPlkl jlJ 

■ d_)dj>cJl £-l_*— i'Vl ij4>- J_1 jjllJ ^ jN idUij 4 ASj_*_«j! 

^.dJl 4 ( jJcJjjj Jid. P-Uip ^1 v-dJU ^s0j 

4 (AjdjjlSvJl) A,.Sa,K.^-<>Jl Aj^*yi 4^jU! ^jS jl ^L*-dNl Aj jiaj ^3 lj~»aJ 

4 ^^P Aj j^- 0 jJj-vajL (1)15 dj Ad~^Jl AjO'Vl L)li 

P p '"" ^ 

Ot-xiVl lLLLj jl ^3 j_a jUij -j-^l jt— ^ Lu^l Lili - j 

,(_£3L*Jl 4js>sJl ^3 U OjJj>- ^P 


^ jj !? .■. ! 1^ Lv-i-mJ I ^ ^ Is, « 1 1 ol^l^r^Jl A^u>c_>^Ljl A^A^'LbJl oAu A 

4_u>-Lj oljl^oJJ jl j-P- .L^3 jj>- jJ_AJl ^j_P L . A3jjJl 4 ->tu ^^JuJl 

^Jj_ * 4*^L-wjl 4 A 4 I jjjJli Ao>-LJ| L^jp L^*~^ 

j 1-3 l-Ll . I ^ ) 1 3 Ap L*- vi-»-*A^-Aj 1 o Aw^ i ^ 4^wspj L«_o-_) I AA L*-v-au jvo-J I 
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[94] 


Cl i— ^-1 Q. -l 1 ^ yA 4_P ^Z^/0 ^^—P ^ J _>J! £• i |^^_1_»WW— ) l ^ U^J 

^^JL>c-^Jl O ^ 4 4-k*U3-> C03 ^Jl 4 iS ^ > ” 4P Q*c-I «/?-<y 1 

& 

Uju ^ j 4 ^jIwLsJI ^Lp j ^J^o LS" La jSl>c-o 

L&IljIj <ji (^,5-^ Ui* 4 ^^LwvJl 4 ^ L-w-w*»^-<J I jj$ 4,<? * U 4_o j^y i 

Oj^_*_Oo ^j-jjJl ^1 j-i^l 3 ~lp .4^La_*__ol j~Jl jjjJ 4. 

4_L-^"i^ LS* ^ . i_)^_^_l— *-vo^ c 4^w »>< 1 p c_»' I s-p^lLj 

^a j-J L^Ul ^JJlLj 4 4_aj*b/1 LaJOP ^ — > . o-\_>l^-a Sjjw2-j 

jli?J ^>ji>c-^JI *Ll> <oIp| La qJ j^L> ^ ^wu3j 1 .>1 jiVl 

^ 1 1 4 c»«-*-3 ^_ll C_JJ^ » CP L-^— J^ - O— J 1 ^j-^a ‘-Oj-O^- 

4_4 jJala ^j_P ^lijJl ^1 Uc-^wb»“l 4 ( j-o^>- J' 

• OtaXjw^>" C_ *^L»*i*-i-o^_a ^j-**-*— *>> Lj t g~^j t 4 ^^JtAjJ-li Lwm-^*>^p^» 3 1 

J^*JI ^\ p^>cJJl -^jaj ^ 4^^^^!^^! dlS^ UU- j 

olliT 4_3ljj>-l L>Jj ol ( jr a <L>LgjJl ^ Oj Nj . Uj_p 

^-wP Lg_> ^ 4^JJ 4 5 jJZ ^ ! ^-Lp Lo ^ Lp ^ ^ 4 ^ P L*3 N 1 

J ^jdl ^-^1 j ji l.^ *3 (jl c«^->cj .^xll oLv^uj-Jl 0 \-~oj (J ^->" 4JL&la 

>L N l +% 4 ^^Ls-wvJl 

^ y ^ 

j jJaJ ^_9 Ijj- 3 CjIjj-LU (1)1 *c5jj-^-)I 

O^J^-s £2-i^ 4 ^Ip 4 4-<b^*> 1— 1 4— i 

, cl^ L^*-^^<»J 1 \ 43 L/? -q^ ^LojU-wJI 43 l-yg.^ ctjjl 4 4-u Jj>- 


L)l o' 1 — * c^i ^^l->c_<>Jl oO_A 0| 

^ e 

UoLw 4 JuUk^ ^jp 4>-d-0^1lj j*-*_>3l J-Ocli ^>e-}jLll| ^jXjjJl 

jUJl Jju 4 IL 0 4 4-wiLjuJl OUJu^l^Jl ( y^J jL>eJli ■ .^jUl J j-kj ^S 
J^LojI ^ -O 4 JI ^_Lp C.**.-* ■< ■— > 4 4- ^ , 3 L^-oJ 1 L^j 1 LJ 1 

•JJuCij *y t ^jllajl t^JJi jLixU j*^J sL^- {jA 4JL~Zji> J~£ 

4_<i_w ^jJ> 4_w«_^j1j kJlJ I «-l jJ>- L> ^L^iJl ^JL>cj <jl 'ij 
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* 0 . fr 

4 ^1-P ~dJL*-) o Jjk (1)^ 4 j%JL*Jl 

j_Ji l*wU*i .£|^j ^ f*’** - ^ jdl dlb OjSLJj 

Lajj^ oLs 4 -t-i-oi^j jLd-i <J ^ 4 aXajlj (!) I s -_>6j L^ (j_&j 

•UJI jj ^ <p jj*j>«-4 .0 JJ j- s aJ L> j L^jb d) yS b - -*j 

.jtJo^l jJ! dUS jyc- ^UaJl ^ didlS l^j 




.ilL*i jS* jl 4iL>L>- ^>c_>Jl ^ d^Ldl ijjjljJl A>e^Ji j 

4 AlP <UpUjJl ‘C-jLid ^3 <twilaJU d JjLa (jld)Hi 

<* I» £. 

4«wd-*Jl 4_*>> jbwdl ‘L-l.P L) jdjL*^> Lo_P ba-c-s^lj) Lm£? ^j-P ^-9j«j (1)1 <LXdj>-> 

dlb Ojdj (1)1 J>L<±jj .4jvwJaiJ o jiajJl OjJn^j db J j\ 

e# ^ 

4 dlb ^°j LJLpj ; ,t : fe p jlJ-5-o.j L^-la^s 

^ ^A 4j Jj\ jJl 4 axS*J| j^3 4 j_*Jl ® jS O-jlS 

<uiLua t 4 jsj_Lo <upbi! o ji cj!^> L^JLxa- *>\j .<_^vj>«i l^Abij S^s 


.5 jjIjJI ^ 1 jJj»-Jj jl j j^isjjj jjl (■')} 4 jJL«jA-l jl 


jjlS oL*Ju,sl ^Jl J js>- jwU>jl y jJs ^yj iS ^xJL«Jl ^ ill j ob=JJL<Jl 

jt-*-ol jJl jl~i>-j/ jLjt« ji 4 <u*j !*Jl cjIjj^IS y t^S" j . jJUJJ 

^jj| j-jj i_«»jxSj ^SGj .ii j\j<Jl (_gi 4_isS jL<*a /jA L ^&\ 

^j-Lp 4j4_*jaJl ^_>lj ^j*2LP>tAj ^gjilSj j/ jl U Ju j! 4 ^LwQ-LaJ! CjljjbJI 
0 J 4_*jJLoJl A^>- L>c_<iJ 1 oUl Lyaj 1 ^~y2J>KjLj Jj 4 jg 

.^Ul*Jl d>ab^ 4«-4 J^j ^1 4^?l>cJ| Ll^lp 


jJl jdb-1 iSb^a ^\s>- bf >.,<? *dSo 

p 

^y3J>UU (1)1 wb*J dip 4 L»_AJj>“_0 5j J> dl J JJ bxdij 

^Jwdij idH ^.<3 > djLij j-i!l 

0 ddi Id^J j-^Jl ^y2j>zJL)\ iJ-Aj .^j-ojjlJl 

Jd j^^l^ oJjAp A-ldl bii>- v y (jl U j-wj diij (^Ul tfb j 

-aIL^L UwUyj (1)1 AlSloo ^xJjbJl (1)L ddo Jj>-\ y/i La j 4 C-bli J jji. Jl od&i 
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lLLLj j-* Ll AtJl yj* aLLjjJI Laj .<jj y 3 ’ - ! & j-JLS* 

p. p. ^ p ( 

j-i^_) a-L^v i uLLLj O' ojLjlpi i-4 j-jji 


y_ol jJl L y3j l)L .^-L*J1 A*-Ja jy L yyr ^L° jAa-o 

0 jJbUi 3y>- J y 3 jJlSJ _/Jl Li-L J-^-i (J^ - ^ t 4_*3l j <1)15 


Jj>- ^LjSL dr^J jfrj.»L ^a ill ^y aJ j ^ y* LjL*jJ 

^ p p p 

Ajiil /*_*j.iljj iw-JJaij (jl l_ ^> cj bU 7 - j—Jj aJL-L ^Lw-I 


A^J-P Aj jJaj jl j^IjiaJl yA Jj J_>- 



M LgJp c o-L^- j o[ 4^L-*^Nl o-La Jjlo ol Mjl 

^j-^n^j 4_Ow)-«>L il . 4— I A3 j^^o—Ll A j 3 - laJ - <L I A^wsLl ^^ 0 Jv<w^j 

^_Lp ^lj_A L^J (j jj5o (1)1 <1)^^ yja oJ-jJ->- S jJ&Ua 

^Lp oL>- jjj>- j c-3LjjxSI ol £~°j .aajLJI a-^_L*JI a_^jLowL1 qa *y- 
yp ^LwJ*I U j ^>*-> yJD a_^jLaJ 1 c^Lk-^j^l jJJ LoLa oj^L_^j j^o-LI ^rla* j 
c_3Ljj5L> Ll3 j*-a (l)li t(iJlLA oL>- 5y>-j AjL^JJo ^_P jJ_^j j^JjJl 

y cM' cr* C5^' ^y*^' fy^-> y *yr y oL> 

^JjLxj* y>«j <_£-L : ' , j) • ^^yLJl Lib JjL* aJ (1)j 5C yi c j-o-flJl yp Lj3 y 5 - 4 

.L^UjU yo ^1 oJ_jJj>* a_j yij L^2 -Xj d)l ^ y« ^j~-J 

ya Aij y- j_&)j_ia_> l,g^>LLc^ j^p -> cj d)l 0 -L 1 J->Ll a_j jJiLl ySL>y 

t c (w^^cJLp I ^t-5CJ 1 aj j-Lj <»^La3 U5 <. 

(1) yJl Ju3 Aij^w*-* jL Oj*^ yi j-t J5Lij 

y^a ^JlpI ^ yL*^o CjI^ A_j j-Lj SJbJL>Jl Aj jJajJl (1) j-^L d)l _jl 

yA aLs IS' AP y^s> c-4 J2J jj Aj jJL >j£ 1 C 1_4j Lj Oj 1 O' 1 ^ y^A 
.Lg_L^ ^'y ^jJtjj>- <1)j 3 ya ^yL^o ul) oLjJaJ 

c ISLjaLj jJl yj Jaj jJl ciiJ^ y A 3 L 12 JI J-g hj>- Aj j-Lj ob c 
. 1-IS1 aj l AjjlyxJl AjjJiJlj 4 oL>j-n*2lJI j>Lpj v f-L>y5\Jlj t ^L^SsJlj 
A^-jJ^Jl AIjL j-laJv.Sl yo Laj j.y?_) ySL>j A-isl jJJj CjU^Lp Lj2j 1 iJLLAj 
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j jiajil jl l^KSj LI j « o J j J_> xjl j 

,^-4-L*Ji jjJajJl jti t jJJ.5 talj 4 _LL<j| 4_)LLo-> — L^-J \ 

{j* £'1 jij] «4j j-Aj S^~ Oj j^-s42j l > oJ^I jj j j^£L-^ 


4 i^s-JaJl 


c^’jH Lr* 


t/ flk; 


43^ ^ - - • ‘k ,* 


4 ^_L*J| jj-ia-> ^43 .'^k-S tli-Si ( j_ 4 f '(_f^*’ j-*-' 1 (J- vaj>t -d 

j~£- ^jj ^jj> (_g y >- 1 43 J->=-' > <j-"-dj 1 ( j3>t_a ^3 j*~* 

,lgju> JsljXa 


£-JaJ Li j jiaJ -li ( U L*3 ^3 I ji»-T ^jj^ji j I ) j*_L*J 1 j jJXj U-jjj 

4 LIJ 3 1)1 1^-AJLlpI ^jjJJS j-^j .LJ-S” 4*w&-51 jjJl <aj ^ . W . 3 1 4^Uj%-j 

JiVl < _ s ip J-* »5’!^l!l il)l Jfj) jZaj Jljj *y p ^ ^-.ia «-a (1)1 jJ-JJ 4 J-pts- 

<la)_ 4J (J jJ s?r ^ J LJl jj-SajJI ^U1 ^Sll JU^Jl 

.iLiiP-Ml (iUJJ i3L_&j . ( _£_ r l_Jl JJ_*J1 oLy? j..^-?- 

J-f -* j (_^1 jJa.Jl 4^J>- J <jl (.jLS” J^ySVjjJl ^3 4_JiJiXSo (_3 J-^J 

1)L -L>-4j 43 4 . d .« . « J .3 ^ SJjLjj 4j ^ iaj 4_Li-|.A^a 1^51 Jj ^ — \_*_3l 

.j»L>tJ! 4 ^»>bJ| oLJa^iJ! ^Ip ® ^^1—* 4_a~«jj-> ^Ltj! ^a 43 jA^Jl 

0 (_£-3JI (_£ ^.aJI jv-PjJl jJ^S' (^.)L>cJl ^J.*, /4> ,. 4 ] I ^3 w-3 

.4jii ^jL_Jl ^ysxjjlxJl JaJaj>w_U 4 JL*jsJ( 4~j yds (t-l-P CjLJI 

0jj^3l]\ ili-ljd 4^ g » * J j * J1 4«*J ^j2_^odl ^ 

p 4 4 

0^ !-«/? j 4^1 « i LS* l-A — i L(-«_4>j ^JL_^ 4 *^jLwo-JI 

ot < J*s ^2-p- 4 _^-Jl J^-3 'v^o 0 , ^JL*JJ 0 0 j-Xj 

=* p > ^ 

c L_j 4 oJ_>_L>Ji j^AljJaJi 0 1^J £wLj J_> cJl oLjJajJi 

^JjlXc ^-0 u J-^L j U5 4 L^J JjL, jj J»-LA 

a J j J->- p-LsjN ^ 5 ^*^ j-^l jl O-Lj .^^-bdl ^SCLU A-oujljJL^ 

jjLdo ^j-4 j|j ,^oJ_xJl j j jjLflJ Lj j-Sj J*S> ^LlLLwuI y& 

f. ft 4« <* ’ 

^>c_) ^>c-1j 1 1)1 (ji ‘uAp lifjbj 4_^j-ojLl)l 4j(3l ^Jl 
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* t ft 

Ip jj ^_L*Jl jlS” La-> jli .Owo-S'l y ^jp LJj y*-& a>- ^IpI cJ^° 

.^jLlJl ^ys j>-\ 

J\ LliJ jl opU^I Jb ^jliJl ^li jJl obis' bl aj! Nl 

{ j*0j)}\ Jp S j]oj d)i i jj> i)j£j JJLs c J_*-Jl cilb 

^y±S\ jjJl jl o ^5o ^ L& b_JaP (ji (J^-^ ^^il 

^ o jP> <1)1 ^,—p LJlj n ^-ilj-ll <_?* ij^ll 

EjJl 5 ^Sj Ap~bx^u l yj*L a jj ^a (^wLSi ^bJl j%J»*J,l j|j .l-Lw<Ji 

oUL L$L>- ^LlxJNl ^^.Lp ^Lo-L*Jl 

^ jJl C^-W-Jl yjb 1 j_A^) Lj~y^ bi-J ^ */>M AjLa^ A-ubl^ Aj 

^JiJl 4 A^bJi o L ip o bU 

(1)1 ^lp 1 J-^b 4 ^j^auLiJl ^bxJl 4-P A3 j-*-JL 1^-3 *>\p J^P 

1-£-OUj>- Ajbbjbo Jj>J A^->s-> c^bJl (l)L^j)lli .(aJ ^- owL*Ji jj JajJl 

I* ft 

4-3^*J .J-LP*tJI J^p lip*“L ,^v«J jL^Ldil ^xidl LPj_Lv*>^I^ A3 j^oJl 

.A3wL^J L&jp OjlSol Aj>-j_j^ aJIj^I y-^J 4 ^_5_>c_) (jl J-j^j bbi 

Lk->- jiJjLw V} -b J^i>- 4_3lJLlSij j_P S^X>- j"$ laj ^ j 

[97] ^jUI 4 3 LJL-X-S^^ I (1) jib b UIp J .aJIj,^ UaJ>-j A^-w--laJl /^P AjL*j jJ 

C— ol ^jjl £-3 j-lil j »Jp o j_aUp ^LLPj jldJb ^ b-^ljJLa AjIS 

*» 

(_^jj| I £-j^> i — J jJLj '— ’j-^j 4 li| i. ^y\ ,AJj^<a>tj 

La a ^ftllaJ! ^-Lia (_J*iJt j-JI J JJ j»J-£- a ^alis (w4-L5Cu 

j*j^Lg-J J~S> oliLLlS’'^! AjjLai I.V^.J-' jj ,il)jjli a jj_v^ 1 _5^- f ' -4*J 

^Jlij i t Jl J_M2-«Ji 0-s<a_>ti t j-Jl 

1)1 CjliULlS"*^! <JLiO 'Lflj jJaJ *^Ls .4^v5 

. Lg— a jj jjj 


C-iLjJaa a jA Ui *• t (j ) • &■' » L^jli Asx^cJl 

J aAS j).lfl. 1 1 ^j_a J^La-)l ^->-^J C j-li Ir^ .adj~L>- 
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rt-J jjb Ij-L i dJ Lo SJjJj>- kj jJ^Li jJ jJi2j 

? * * 

L* Ij^lJj i <udLLli cjLow^j^I j_Jl <ia-w*il jj jJjL-J! ^jz> Lilj L>* jZ u L^j>- j-Jj 

p. ^ t 

LaO-P j .AjjJau pLo! (_J*)Uajl 4. ,1a ,A j ji Lob ^_aI jJaJ! sj_A jj 
o~L*4 jj ^xJl S j-^oJl 4j*^liJl oUj jJI aJIa- ^ Jw2j>- L&b t dJJi 
0*^1 IjiU Nl jJ-yjJ N A^xjLJI oLjJajJl (jlj 4 £-)LwJl ^J../g 4 It 4_>i_g_) 
^j-a c. L)Lu j-aI jiail ^yA ia-ojJlj . J-wvx>JlU L»^*j L*-*j I j-S jj V 4_*»*JaJ i 

LfrL LL> L^J^-J^ ^i-P 4 -aJLjJI <J1jL>-*-oI jJl cJjj ^1 j-A>1 jJflji d-LL 
^lj| J _&\ jJaJl ^A oXaj jl 5 j jJa-i iptw? ^ I ^ 4*? N 

c3wL^j 0->c-Jl dlta ji j-wP & C~o9 jJi ^.Ja.^4 L$J| *LJl*Jl 4s>-jj 

. i Jo J_>- oL^Aj^Ijj ^ijjol ^Jl ^j^Jj t <u>oLSJi jJl ic-L-v^ 

4 JUJ! C J_A tipLwsJl ^Jl 4 -wa 1 ^| jLxoJl oJj& JdLi2j La JJ_P j 

<< 

jAi 4 ^a! jiai! ^a iLJtiit ,l a . » , *J t bL*3 oU-UJI *u>-t^j c JasJb 
Ig l^V; (jV JO*JI l^.y3.0 J j_Jt aSjJOJI £0jJl 

OjL Jaj «■ ^_0> ^Jl (_£3 ^j 4 aJj> j 4 Ja-OJt I j-Aj .0OL4JI oLoAJil ^-J( 
£-3 ^xJl ^aI j_b e-LOoLi 1 j,]a 3i Jbll ji jj oLbtOljJlj .0 Jj Ja- 

.jJUJi ^ySAtj (_$ jJt 4jjJt ^ 4j ^iaj ^ IjlSlo 


jAl jJi Jau 4 jAj (jl SOJaJI oL jiiJl ( j-° til J 


SjjJajJt ^i_*-9 t <j».. • Sn,.tL> 4_Oli ^3 s3jA-^-«Jl ^OjjJt 

4_iljL>e_a olj-JO 4 Lo jLS^a (Jpj J 4j>tA-tjJI 0_LjO>iJ! 


oJlS b| J-va>ij *)I i biiij .t£JLL» ^a SjLio^Jt ojIjoJI 

Ju N 4iJ^t AjjJdJl JdAO 4^L<i_P ^3j . L L 1 a jJJs jlo j]a« l\ 

\i >■ Lj jJilS” 4_i jJaJLS .^JjVl ijjJajJl ^o^o ol 4-sjldli d jJdJl oJ-^J 


A3^)Lp ^ A^JaJLa *U3 j3 <UAj 4_>Ll^o ^ j-J I jJ o 1 j iajJl ^Aj C AiUaJl 

j jiaJ i ^.J t j->cj 0>L ^lao ^1^ <L*^sJaJL LgJ 

«■ * * 

dJJu oLJLj 4 dUi *y wd-3 . jl j-Jl j»J_A 0j}3 (V* L_>co jd 
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ISwsbjjJl Aj^a Lg_)U j^Ca <J>-i (1)1^ ^y> 4j j,lg^ll 

j»Jj .^jl j>til JL*JI ijjJai! Lu-b>~ ^jUiSI a—> jJ j^-!l 

JL. J I Aj^J®- 3 ij^J ^-*j ^-J-*Jl (j^ 3 l*J ■>■ iiUaJl JajL>- Aj jJai ^-vaJ 

( _ 5 ip| ^yjiaaj £y+~A (jJ3 jl ^is> ^ J»A-j jl j»-!j . ijj\ j>Jl 

l*JI \t- ys>- c-»j L*/ 3 l)I J-*-i L^-jLiL-u 4 _s^jL*jlo p J 

j-^Jgj jl QwXj Jj>- oL jJall A->Jjj 4 — *vaJl ^j-oJ »C-a 3 jJl 

I Jl— o (1)1 £“°J » *1* * * lg. 1 L> d_iL*_loj| OlJ-£l*~<dJ ioLgJl CJ>I aJla o Jp 

^j-^ 3 (J jJfl-J £ ' u ^-- :: ^“J (J 1 ^’j ^j, S 1^2..^ — O — 1 1 <J J-O- J j j ' 

,aJ j-jia a*>vjj\j o (> j— J aJU 4 4_JSL*x<>Jl oLjJiJl 
{j£> ^lijJl l_A3 jJLj (1)1 ^j-SCaj-aJI l j r ^ (jLS* <. (1) jJ) JJ^a (, Aj! J 

^L*3 ^j-SCou N 4 Jaj>cJl * ^—1^ .A JaJjj )! OwLfe J_LP A->j^ j-v? 

c j_SCo-> ^ o'>Lp| U»j j-L> J-^ C5 "H ® 4 L-!L>- 

aJiSp jj Ajt— JaJ SJjLJI o ^Ui!l ^51 <J j^3 Jl>- ^3 La jliLi^l 

j— Pj 4 A_.s.^J g J^oJ 1 A^*_v^ ^Jl oJs J -oj <1— <aJl j ^J l a— jilil ullJAi „^_L*Jl 

a 

IaILr^j il jjja Aj jlij -l~i l Ajtili>- ( J~3 ^y> l~*Ja3 t ^y3 ji jjjl 

A i>-N Ajjiaj ^Jj-> J J-*2J>- ^ 

(_^ J-®^J A*A-wJaJl yb| L^J 

A_9*^L^Jl C^Ls^bwa ^3 j ^ la > t 4 _*j>AxJI Aj^JajJJ ^ j.^Jl I 

^zJl (»aiVl ISL*Uj.UI aa^laLx-o j 5 ^jbaiajl^ LSw>Uj3 /^u 

j- Lj aJjL>*-*J| oAa yOj A^>- j ^j-a-3 ! /jJ j — j j—>lzS' ^yA Q. la <A 

t A^ajjL>j 1 a \ y ./ ?j jbjjiaJl (1 )IjIa 

(Jj^ 3 (jl (_$l ! ^y> j-a -JJ a j aLLLs j<A_*j yjjS A^iJ-S aJ'^'lP- ^3 

aj jJaj jL ,_j-*j t l a . tf - 3 5a^-lj aJL>- ^jpSCo^a ^jLaiajI Aj^Jaj 


Silvanus Phillips Thompson, The Life of William Thomson, Baron : ^-lsJ! ( 1 ) 
Kelvin of Largs , 2 vols. (London: [Macmillan], 1910), vol. 1, pp. 266-281. 


187 



[99] 


* ( 2 ) c 

toJ-P loJ . aJjVI o jGU jJi JJaj s jlaX ll .4-0L/3 j^S- CJ15 /y yj> 

9 * £ £. 

. Lp y+>> L^Ip coLi>l ^ pVI JS\ { j&>Jcl> ol 

yP > rjJl ^A_P CoLv^l ^XP^I Oi-Lft jJby>- j_) ^ J sLj 

O^ 4 ^-*0“"“^ Uaj>- ol I L^^-^IOjOJ! <P li L? ■«. * .*j \ j 

(Oa^ JO 0“* Jl>' V .< ■ ■■ * l l l— 0»J I 

. i tjj-A OjO^*JI j_^3 SLoC-L* oLa^Jaj ^ij 4 ,j-^00_£_<>J! 

^JsllU <J N I lO-ft (jl ^J-P oL& j-*Jl 4 ^J|_ w^iLyb-j 

^ l$I>^ c^L>- ^yJl LgOli 4-jj Jao 31 <J^\_>- 4 L>J*>La oL? ^oJ^I 

OOl^-*_vJl (1)1 l_*OOo I 4j jplgJ (.J I I *«— - -1 l.fl « 3ilJ 

^cLiSi coi j^i apxJl^? otiu^^oi 

-U J jjJl ^ JJ-9 3-lP IfJ jijlj Ifl? oU-Jadl y 

4_? j IfljJl ^.Lp *-*->■ J-~i (1)^* W 4(JLoJI ^J-*3 .©0«JLoJl 

£. 5* a* & p, 

4-<w^w-«Jl ^-^Ip^^vJI o^^i^ ol o?oo I (O"^"^ ^ l>-0^- j3 y ol 

Aj^liJl ^L^ai^Ltj .f-j-v^Jl 4P j-^ ^ll 4»wwOJlj 3 j-Jw^ aiji-LJI 

4-m—a.v.^ 4j>> ^wOj I . ^ ' I 3 4 4_LaJ 3 ^£^^"1 ^«w3l 1 0-^-) y) y*s^\ 

.l^J 4^p\}>- ill>- O y&£ 4 i) jiaj ^j>3 

*< 

£-ljj L*jls ^Xp v y! ^Uaj ij^^J 

jj-o j»J^Jl jL5 iSlj .‘W?l_>«Jl LgJNL?- ij jiau 

f, !> t 

,j~jyy^\ (1)1 ^J. 1 y*-t dJUi O^i 4 A^J yi J^wJl 'l$1^oLjOJ| 

^jIcJ vO^lg.P I 03 4-sj y j-OJi AjjJiol oL> j%O^I j-P^ ^jj j0_>- I jjjjSo 

■ oLp _^J l o _^SC Uoop 4_oL^s? L^jI jv^-^pj jl 4 Ju^lS* J-SCoo <l^33 
^-_pI^ ^1 ^1 1^ j2z^\ ^-^jI •l*-^?" ^oJLp <Lw-wvjJl 

/ 5» 

jtJ_*Jl j^jL^ I yy^ ^ ^- 2 c j%-plj-^Jl dUj JjoJ 


'. 1 _ i _e (P. P. Wiener) I, ^ _5 ^5-^^ oLia >-'y^ l JLill .... j t ^ l a ' I (2) 

Philosophy of Science, vol. 25 (1958), p. 298. 
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0319 L« 4 iojjj-jJl 4_> ^Ja.'J I JJijj . I g * P j*_£j*>\»pL 

b^-_sw>J! 4.9 ^ JaJLoJ I ^-pl^-oJl 4 _J;Lv^ 

Cs* f>i ^ 4 j-=r' (J (*-*' j-*-^ - ^ j-^' 

Aj j.ia..‘J I ^ ^ Ja 7 > j .IaLUp- i <jl ^jjUJLLi^l ^jSU-j ^l!l ( _^- as - 
US' t Jl>«j lJ^ ~L*j j*-! t Aj jUwJl oUJLJl a.l& jj-o 

. i^jJi^j ^jSUj N 


L^JL«JL>s-1-w>jI U^Ja_i UUsUaJI oU& /}-* £-j_j i _jUSs-> 

{C, I «-ljl ( wiUrJI <L*_d_a Aj^Jaj ^jjjJjLUiJl £-UJ-*Jl 

A # / 

( j-« t j^S b-\_P JjJL^>-j_LaJl 4 j ^_ lij C^-laJ 4 

_ ^1 j^j>-\ s jj± Lt cu> U5 .^L^XlIj 

O^LscoJl l , a ^ sSj bid C-u>- jr^J - Oy-^X' ^-dJL> 4-J^P C-olS* L^d J 

dj | y ya 4-b b^l*-db .1 ^_jLsL>- j^b"! ^S* ^- >CJ 

0^ y^X ^ l-i 4 j ^-bl-1 1 I 4 1 4_<l^| 

[loo] o\ dib ^Jl .*£ jul* olb ^ol ^iJl j> c L^JLS' o^U-dl ^ 

Lj^i Jidtjo Cbl5 CJ*>lpUdl bJlP (J^v^jJuJl 

Igd lob o ^ jbdl ^JJl* d j~* ud j*-**~\ J~^ if* 

^jA yy*-* ^ ( 3 1 j^"Nl ^ 3 ‘-^ p *i->^ > ^\ Ow>- 

f-l j-4-!l 4 _)j ^ 5 (3^ ^-p*“ S ill 4«fl_ LUl u£»X-!! u)^-^-vls>- j-LaJli _ f-l y&-^ 

(3) *” s ♦ 

. jUl! (jU-<Lj ^j_Jj-° UJjLa LoU-1 C 4-<g " al (_$USt 

O j.lj.i l-^ * .*^j l»AiJ_>-^ j_aS jJaJl a*A-& C^-jLS 


James Bryant Conant, The Overthrow of the Phlogiston Theory; the : f£u\ (3) 
Chemical Revolution of 1775-1789, Harvard Case Histories in Experimental 
Science; Case 2 (Cambridge, MA: Harvard University Press, 1950), pp. 13-16, and 
James Riddick Partington, A Short History of Chemistry , 2 nd ed. (London: 
= [n. pb.], 1951), pp. 85-88. 
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yiSo ySXa! LJ 4 ^ o j-Uj ^Jl oy-~*j>* jJ^aJi 

zy a_p ^_ o*j>c_a ^J_P l^JLwJa.; ^_S L>~lj>tj LO0LiA>- A; jJXj V A-X-j 

.yo^ki' 


j^2^>cj o' ^^io«wvU AA> jiaJ' 00L> jJilll ^Xp 4J^3L>&^J| o' 

JoJJ aXl^-^X*-!' 4i-Lij J-Iaji siXXlj l ^ a . la ; <JX>s_a 

La Ij^lj e jXa^- yfej) A-^U^l 0 ^Ui>- „ L^_>JLp (I)! ^yyoJl 

o' La ou* 4 (^ 1 ^^' 0 j.1?j> gJl oJ>-jjj o' l^- 0 _>rij 

' ( jj> ® L*~^_Xp w aj 1 p 1 /^_<a ^%— 1 <—*3 1 —OwwXo I c-U ^ 

^0>_} (jU 4 aJL>«J' 1_£jj ^ j^Oj pj c ^-A>Ui 
y> <Ju>tJ' OlJ:> Ji^:> UJlS aJ'S AO^ ^y L^JlP ^Lo-p'yi ya j*Jl*Jl 

AjL>L»^> Lo^_Oo y V J_>- jj A3jJ' ya AJ>-y t» LlaO ji aJ LI o Oa 

y>j A-o L l jL O . v I QO-w«J cJ_A .AyiaOjJ AwO^XoJ' A^>»jX<>~<>_jl 

>0-*->s-J' AjL^-J ol-L^-a ^Xp '*— '°J-'0 Xo L)' ^ — A is O oJl A^_>-^J| 

. !j y2j O' ^-X*j' ySXw 4 aJ^L>- ya 4 y JJ' 


Oj2 ( jr^ A>Lo>-J 4 0^1 ^Jj 4 AiiiJl oO-A j*-^ 

o' 1— >*-> 4 OJJi ^il asL0>NXj .y-itp' /*-X*J ^y>-j ^ yyl 

l$J yL*-^ ^ as jJi yo ol>-j^j yX>Loa ^lyj^l 0-Li^> ^-^yo 

jJJL yU 4^lyJVl ya PyJl I X& ^i^ 2 _>cj lijj .J_alSXlX 


l 2^-*~->* Aj^Jij c-j!jL>xijV 1... > -*• _y^ J o!_3 

Helene Metzger, Newton, Stahl, Boerhaave et la doctrine chimique, : _..Jj.il 
bibliotheque de philosophic contemporaine (Paris: [F. Alcan], 1930), part ii. 

wlL) U^Lc y> <y jia_> f*™' O jli (4) 

Richard Bevan : <. (Richard Bevan Braithwaite) eyyjy uU~; jjLi^jj L,- (»li 

Braithwaite, Scientific Explanation; A Study of the Function of Theory, Probability 
and Law in Science, Based Upon the Tamer Lectures, 1946 (Cambridge, MA: 
[Cambridge University Press], 1953), pp. 50-87, esp. p. 76. 
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.LfJ oo>-j ol j*-J ol_w>tj^l j^_y i_r^ 

lils ^1 p -to*j ^_gjJl o Js>-j (_£jL*JI 4 dlli 

[101] -oJjIJij! oLs JaliL aJ L^j oJjlJLjl d) jJajJl O-jLS* 

jl 4 l^L^- 4jS_^ j j £ jg ^-Lp «dJviL>- , LoL>*j! 0_9-^-w-O 4 ^ >c_3 

Jjj Jjj ^t> oIa*>Ip $ s-j-* ^S3j .oLojl jl t jJ ;»JLp ol ^y&Lla 

3« 

■>j-LJL 4Lijj>- J^as]\ jl S' .(^plp ^ ^Jlp J^JI ^^Lp 

LJ'Vl jti 4 L jiaJ-U Ja^-LajJl cJL>t-4 ^J~p aa L -<jl 4^*_ s j>^J| 

{ ^ jl J t ^-l 1 V_ ^ 1 ^ ^-J 1 >A^TO»^jl _) ^ 1 

4 lAA Juv2_>tj LaJJ-P^ .^J^j*Jl ^j_P A$ j-Xj jl ^ 

LL LJ 1 l ^ " 1 L~ I aJL*- ^Jj ^ ^l“ >i: - /0 ^ 4 u_>tjLoJ I jLi 

j-P- 4J->tJL>Jl pjj 2 _pl £-oa^>- 1^3 ^L*Ji <• ^_*_ol j-«-U 

y p 

bLpJ^a .li^l-jj j%J-*Jl 4-Lj) ^ ^l'l^>-Vl ^^J>ejIj jl 

^^ 3 ^Jl Cjj?L?-t>5 j >*. j ^jJl j^a jr^ j ^■^' J jl 

J, 


■OcjsxJl ii j_dP« A.i,a)y« i j_>t_s j-* diJi ^v= o^lj 

y 

NL*- Li ^j-Aj 4 jJl 
j j^oj LLj ?*U^jJl ISL^LjjJl ( j^l Lu J*jJl LSwjb->~\Jl ( 3 L 4 U 1 I *)Lx3 


4 Ej 4 L>1 *S2-(L jl ^j_>a 4_P ^k>o3 ^J^j>eJLLl3 lj_A 

aJw^i .^-w^^JsJl 4 j jJajJl A-AoiJL>c_^ J^vJ>to) ^^-^1 4 E n 4 . . . 4 E 2 

4 ^-sL^Jl ^-II JJl^-> O— >1 4^jI L _ 5 ^-^ < l5 y^*-* j jy^-^l 

4 L> Uytg-A J 1 oj_A « ^T-l| . . . j^Sjww J 1 jlL>- ^Js-lSLIl^ 4 jj 

APj^xjj Jg L*J J L> y jl Cul^Lw^jjJlj 

4jw^s c^-JlxJI l ^. ^-jj 4 4_3Lj?^il ^ LLj 2 .AH ( j-c aLjLS' 

*V 4 As^l>- aJLxS” 4 ao jj^-jJl L^w^LajJl <uIaS” oLli ^Sj j .oj-ftLiojU 

L’w^ Ei —> j j^Jl LLj^l 4_pj^a->«-p 4^1 jl U Aj 
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oJAj .ol J dJ yS\ 4 (v/c) 2 < < 1 Jju 4 ^bU>\ 

AS J-o -> dUS J-*-> ^j-^JLwv^i IjLya . a 11 y* A-P 

j-sJ L^_> ^3 ASj>\A^A 4 N m 4 « . - 4 N 2 tNj 4 a Aj j_>- 

ol u^-Ss-a-3 .Iu_SCa^ 4 d_oL>Jl <j 4 aS j->z Jl ^_s 

L^pLv^j>- 1 _L*_> AdjIddLi^J \ Aj ^J ajJl y& O-ddi -Xi 4_o jj \ ISwjldjJl 

y# 3d*J 

(1)1 £*i . Ji*y I jMl ^5^*“ 4w_£jij JjLilJ^I U-^3 ^JJS 

d~J L^jI 4 < u ^wjJl bl^lSwJl a^?L>“ aJU>- ^a Ni LL, /3 a1 1 

M o-e'j-* ^ ‘W-H j' •jr’je 

<lL^>«Jwwm^ 3 0^)15" <uL^Jaj ^-^1 (JLU-i d-> 

jJ( a^JoL^jjVI Ei ULs^jjJI c~lLa ^iJl CjI jJlIIj ol ^-a-’^Jli 
LLyijiJl oji jj >~ JijJ V .£&J| ■ • • a-LiSwIj tj^LSCoJl [102] 

.aJlxSLSSj 4 oLajJlj 4 Ii^LliN I jLSUJl (Jl^j 'j/j iNi 

^0 l»L>l ^l.la.r" ^ tx_JL 2 _> ! olj j,.,a"J 1 »J_gJ 4_oljJ^osJl £^-l _^*Jl 

.4j|^ 4_»jj_jj_jJl ol j j ./3.X.1J £->-Ij-<iJI 

aJLxSsJ i ol 4 LgJL>- ^i_p 4 - 3 L ILj^jj^xJI <uLi^jli) 

4 Lu-j A */2.hJ>zl^ ASj ^, Jl (1) LaJ^P 4 JaJts j .iili? ^Ji J j^>dU 4-bli 
<*— *->o aJL>JI clilj ^ 4 Lg^jgj AijjJaJL ^Li 

<d>l l. a > jL*j L« j) *(l)bL>L<d <j Lo-^.)l ^1 p L^Aj ^>^s 

o« ■» «*.■■ 1 L^LajlJoI U LI */? a \ \ oLi 4 Ni IjI a ll as 

LAiUii LJI 4 j_^>5J j 4(Jli (jl 4 LJ-*J IaU^P lilj 

ijj-UtJ! (((jliLJi'yii! ^jL*^ (_^L> t _s^- f, j ‘ jr* 

_. *> 

^jj y*j (Ir^**^ bUJ 4 0^1 4 Ujj>cJ>- OsJ>“ j-4>> -L» y*S 

* * 

U5 4 J jLw^j JjLJ 4 I jj j,_o ci^Ai (j j5b' ciJJ . 5 j^jLo 

Ajb ya 4_>cJ>- diljA J . y> y-> ^-llp Aj\ 

.^-s^ijVl IjS ' jA J->d> dilujil jij^ 
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jl J LgJl J .l^o j-*Jl jjL> sJ J C-Jlj La iU>cj>tJl 
JL&NL Lj! jili . L^xJjI aJL>- 

C *L^vJ 2j C^-SjJl «L — J Oj Jj>Jl 

^aJI o^jxJ! L^-X-^ 1 Ixj ^^xJl 4 j j-^*j jl lx— L p 

. 4^-Lp ^Jaj 


5_>^S j-« ii ^JUJIj ^l^-j LiJl wUj'i j j^jlII j-wi-xJ <^u>-L>Jl o j_A 

Iji-A <j I j Ifl L J ^ ^ I L^lJ ! 1_> 

^Jl ^ I 4jj5 * j^» jJaj ^j- 0 ^xJl ol j-^*xJl ^3 i£$ jJlS*! 

j^j-^ ^ j 1 ^ i t I ^j^S* 4j jJsij 

*V 1 ! ^^-9 ^j«-s^ L^*cJ i ! O L 3 L C— ^ *’*— — ** l-r<tw— 1 1 

<1)1 l^xSLo-; 4jl ^x>- .JjLa ^Jli j*_*_ol _J j»_^L>Jl ^3 LLi JL 

jl i jjy^Sj .^jijJl J AjjjiJI oLf>- Jl J JL oIp'V «l jj 

LUi jU 4 4_wsl_L>| olj j-y a J j) p-Lw.il JI_Lj>! ( J_awi_) JU^Nl 

4 jj a^LJLjJ 15LjL$wLI Jl 4wjj_jj_jJl LSLjlSlw<Jl ^j-« (jLaii'yi 
; — L I lj I * i-^— 1 1 pLL — wL 4»>-l^jl aj-*-1l 0 ^ jjJl <_) I c 

.|tJl*Jl Jl pL1*JI JLj t$JjL>- {y> 


jLa J 


U 4w3U <j ^SL <1)1 


4ijUa^-*>L>Jl sijsi <1)1 


jj-o 4 J*yi ( Jp pL«J_*JI Jl piwwjJLj .*u lJww« I y > I 4 J-T ( JwwL 

«uL Sj 4 1 ^.,a,.lj»- j oLLLo «U^>J_P 4_) Jij ^j-o Sj-fcUiJl olij J-ll |V 

p. 

JLp <L«_iJLJ! 4jjJai!l J| LoL Ji~; <1)1 Li ^*-pj .LjoIj oli 


[103] J?-M Jj *y 4 _uj_>JI LgjLli- j jA <w?L >- L)L>- Lg_)1 

0 JijJl J-jI^j iL^jipL ^/| <J ^->&jiJl jL>tj| ^-Sw»wJ * 4 ^^ 1 ^-^ 

(1)15 J <_3^ >- L| J*J .Jj>-Vl 4 j jia)JJ L>Oj..pgJl Llwijl Jj1j3j 4 p<-4jLwJI 

(- * 

4 ^»^iVl L jlg'.'l jwwjSj ^3 L'_5 j-X^a l^j,.,lg jj j*~*j Ai-wVJ (JlAXaNl cdi-L 


La a^lpl (_^vAjCo N ^jLio oJwia LjL j LgAwJaJ “4>wJL) 1)L 
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X X £ X 

oU 4 LoL*i2l3l t jaI J-*j J3 o^Le-i O^j • i _)-c- 3 (j" 0 jlS - 

.4^J>t-j| AjIJl^J ^J53 'y A^Svl 4 AajSj 3 

— > olijj_«JS o3i j^J_w_i 4ijVt t_Jj_c-.} (. dU3J 
Ux5Uj Ja 4 ta! .3 (_5^ ^j53»j 'bJ j^ 5 i»sL*jx<JI 

jJl 5! ^oLEjj_aJl o-La 4j^51 ^y^ 3 yiJ t^jj.s-Ls^-o ot 

#. X X f. ^ 

l— «l « J_^_9 ^j— 4 ijij— S3 j i 4^>c_— v? ^j U - J oU_A 

( j_P-j 4 u jJJt .J LwP 4 a1xj>6^i *L-J.I 3 4^jL*xu»JI oL«_*j.sI _JI 

jJW? I oLuwA .i J jLo (J Jj>- 4_ilx>«J 4X->UJu^i jJU .45 jJ-^4 

olijjj #JL^9 .4iUaJl jl ojljj>tJl Jajb- j 4 » j-y?Jt Aj-sLoj 4 Sj JJl l jjt 

X X 

.LiLx4 ^yjsiAi *y j 4 3ibcuJl ol«-*j.s! jJl 

l^J^I 4iiJij 4 ^a _ j>xJl Ja pis’ll 4_ili>o lXjUJu^I jJl 

l 5-*J' J-*JI Jj J \ J-; 

X £. £■ 

(J j_UJl ^jL*>aj iO^lSuLj! JJb>- J C Jjjl yiaJl ^ J i 

l)I ^3 l) ^5sj <=L>e_JlJ|j .<*Ix-3j (_£ I ^3 ^^-o-Lp J_>cJLa (jjl 5J 

x 

,<\J ** <2_> olp| LJIp ^^oSjOj Jo-L>- 

jl C J>-\ j*_Lp 4jiiaJw^ ^Jl 4-^JjjJl ^j£Lxj ^dJo 0^ ^-^-<a-Jj 

j*J (_£ J . J^aLSCJlj C ^LgJL^J-P ^ J-P^ ^P ^jJ_«-> 

^3 jW2j 0\ ^ CJlS' J| ^3 0^ j ->- yo 

X 

LJLp c j d-ililp Juw\j>=Ji 

^ ^j-o LjujIj L^»~Lp *>Ij>- j^jCi U 

A—LaxJi (j| .oL-x’Lj a_w*J j! 4 4X->L«_L5 a_^*J jl 4 t ^Ajj_3Lx^_a Jo Li 

4 4 . i- * ^-,4 4 ' y^ y^ “ o^j f * ^o l.5^j kAJ 1 . 4 x LxJ i .. 1 

x 

, <uiiiLa <Cj jLixJ LJLp Jj C 4 j 2^>» ^wUl ^-4 


Oji^xj! jJjaj y* j-^j c£ j-^^ ^-oLJl j-3jjj 

X X 

3o _yuJl aa^jJ! oJLa ^jt- *>La j-o *^l5o j-xxp ^^^-31 o j-^ 3 3iL*Jt 


[104] 
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<j jJiJJ S B 4 yj j-j J-JLs . cJlilXjl ^Lc- 

jlp ^lj| <U^jJ_<Jlj 4.. 1a. « . <ij > y 1 jJ^S\ i _y2-5j ^ <.\j-^\ 4 J jJ 

-1_3 I jSycJ>- O L_J (J jjJli .4_oL**Jl 4 -Z^L^aLo d-*L>t_iis2^ w^2^J L^C- 

V ji J_*c>- jj i O j* oUpJl 41*3.3 J3 ((41*_^Ja» oN JaiL^ 
jaI I-Laj tJwvS>l>Jl ^J^vsjstJ ^jj ol»_lS “LaJ 3 y*-* 4jI jJuj 

(jUj_U i (_$ 1 4laj .^j-jL~«Jl ^^3 ^J-v2_>ii-; 

4*Jj 4<jjjJl l (_}I-L»J!j 4 (Jj_Ul clUi ^3 Uj 4 ‘L^*>cJ| 

ioLiJJ 4_JjNI 4_SjJ>-J 4 jJij 4 J-SvHJI J 4 ,*_>s->i=J! 

f- j^xJJU ojISo iJjVl oljJJl ^Jl y y-\ oLiv? Lai .4— uLaSlI 

(J^ uT^-i 4 Cf*i?^ <-2j^ cJT^ L5^i 

cJuJ->Jl ^jjJL <JJSjJ( iiLwoNl j-* (Moliere) jJzLoJ Ji j 

4-wwJ a Js 2 *4j | jj ^ 0 ^£jJ( <■ ^.-lg 1 1 L»JJP 

J-M2Ld £^Lw*J| i) J-Ill V. jLs^jJl (J*>li>-J ,<-Jl <Lo 0 ji 


^~a 0^-^^ 1 1 j| !^J^_aj Ol *LJ_*Jl ^-JlS* 

. tgJ — J I ^ I 'jjjJl 

(3 J-® 4-i->" o'iJWJ 4_*_L £-j j-jJl cJl5 c JJ-^I 0 jhX3 ^3j 
oLi 0 Ujj>- 

lJ-J I I _ ^ ^^^^vwILj ^_*aa_P I ^^5 «Jj Jb^ri I 

* » p 

^j-o LaLI Lv2_L_>c_^ ^ ^_L_«_]! /^o ^j_^J 4 4-^wia.^p l <ul 

#> *» s» 

Cj*>l5L*iwa U-jdLLaj 4 4 aIp Oj L gJ N Cr^tf C- (Jl4*>L5Li^ 
4JX>LS" 4 *>LL« 4 LSwiLljjJI .Lg_L>c_a 

4aJLj 43^j^_*_oJl 4^>l J_4sl_«i_»-Jl j - « .>j > A..i aiLp^l iJjL>i_a yi 4_j*>LiJl 


Marie Boas, «The : _ r Ja..il tL> j_^_p 1 44 L^—, i- 1 ^ »i_* J-t ^Lt^AJ (5) 

Establishment of the Mechanical Philosophy ,» Osiris , vol. 10 (1952), pp. 412-541. 
.483 jwC^all '^JaLil 4<3jjJl y y\ 
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L?-Lxj jJlSI tAjj'it <L.>L_>cJ! oU -otJI o^Lf-Lijj o>LS y>c. J! 

f. # # !< *> £ 

ol L<3— 3 ■ Ja a i i_L>-l j LoL« L^. .,/g jj ^Aita JL^-LJIs .is.-Li.A_>- <_jjL>oJ 

N1 ji~}!\ l.g.. ,<?,*■) IfrO. »-• jyt Ot j-AjL N 4j.5L>J| 

4^__Ja_L) 4__^otSwsJi _ 0 jJajJl wLab C ^wLajJl (Jj ^1? 

^-XJ J-&J t <S.L>sJl J5 _L)_A>- C Oalj.jJJ jA ^Jl oLwO^yi 

t Aiiw^Jl I j& OjLSsjb (jApI jSj < J_3ul> oU-»?J! otS y>- 

t(Huyghens) yJ*->_y» *L-LOl IgJlp iljj .IgJ _ r o*_a J^- Jjl ^Jiij [105] 
eyisUs ^Jlc- ^_jjL>oj 4J>y>- ailjj (Wallis) c(Wren) jjjij 

COILS' obLjjJIj t^iljjJi oi jS ^.sLviJ 

, 5> 

j + j d-wJ ,5^bd>tJ] iiSvJd^Jl IS" ULL>j 43 j ^A jLs^>- 

<1) L> j Ld^J t k . iS” jj>J 1 /^p ^ LxS 

^Jl) i5 j->Ji i-wdS* L>_fc dJUJl j jJliJl ^ objl jJlj 

5 jJLLS a — < a_> jdi lj-Lo-j O jj>Jl ^3 4jb 3 J I jJaJl 

^3 Lc*_S” l iiL>eJl o J_a ^43 .^->LiJl o ^3 d_Siw^ 1_L) w\J I 

j*-*-Ol jrJ^ ^5io_) 4 jdp o jjjJl dJwV2^>- jZ>"\ oJjdP d-’Nb- 


( 6 ) 


1 ^ ^ ^ ^ 6 — Xj *-X«^" ^ O J ^ ^ o^^-w v ^x.) I 

* ^ 

L^>- jjs jlS y> yy (J-^ (j^* O' j-^.J 1 OUj 

_ — -j>Jl o ^JajJl yA ‘LaS^L^o t o j jLa^oj 0*)LSC^w. jj>u 

aJ^p- c-wo_>u ^ill OU (. j^JL*Jl ^Jl 4 ^SC_j LS v — <i_3 ! 

=» X 1 #> 

^oU^Jl j dj^VSid^Jl ^3 c i^jj^ Ej j_^2j 4 UlJjk j L3L^>| I jy-xj o-iLS" 

I — t_^_> \_1 O J— 3 *UjbI>cJL 3 APj j»>L.JS 

(. (_} ji 4~A>- A.a.<g OBIS' tAjPUjJl 0 >L^a3>cJ| /^a 77 J J 


Rene Dugas, La Mecanique au XV lie siecle, des antecedents : j - — Ja II (6) 

scolastiques d la pensee classique (Neuchatel: [Editions du Griffon], 1954), pp. 1 77- 
185, 284-298 and 345-58. 
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iS ^ ^ I ^]l J*Jl» a j^>ii oLS" ^ JJl AjI^ 
^\y-^ ^jP 0^>e-Jl (jli 4 Lg-> ^^w-%^>xJi 4 w-wAwLoJ| ^-jU-a pUL 

t ^ f. f. 

I j_Li ^Vyj Ju I Lj»>*j o*)A^Ljl<>JI JS l «x>-! d)tS ^SCj15w> 

^yi jS l<uij C jyj .(j-> J-~! ££jL^-Jl < <L5 ^3 ijl jt-X-Olj-Jb 

5< =* 

^3 ajLLL>- ^yi Oj ^s^5vJl ^J-*3 ciUJ5 j t <LLSCJL<Ji oJ-^J 1 j^S L^L-iJl 
^j-> ^y2^j y& ^&UaJl d-J>- jJl jUJl (jlSj . jjL& ( /^alxJl (j jjjJl 

^lp JljJJI lUJ^ C 4^3L>cJi 0 J_& Up 

£. . ^9" 

{j* v— iUa^Jl iLg-i |*J ^iiJi £-^j -Lvijl 

<— >lxS* 4«w*)jL<^ ^p ^-LowL^Jl j_>«p j .d->l j.lgjJ I oJ-A 

(1) jJLU LfljUaJwO 4_->llS\Jl dJJi 

<Lo^L^c_ll o^-> ^ ^ -1 i i^- i -^-Aj wLJLs 4 j *^*j*- ^_j L^ wv-1 1 

v g, p. 

<sii)i jU^ jJ^P ^llll J jill .*>L*3 ^UvC>-'^I ^ aJL^S Lx>» 

# «* 

O j}P A^x-JUjl C Lo jJ2j £^!j ^ip J cN 

cjLoL^jlJI jL^oJl ^Jl (Uj>-I jJ ^*-Jjj) 

i ^s^jJlj jj-j b> ^Lw«^-Vl 4 JlMjJ| olwLUJlj 

[106] i ^JJ ibLi j~£- j S^jLj- 3 bJjlj t oLjJJ oLa-^3 1*1 ^Ip t aS j ?* Jl j 

Ul y^i L« ^-'1 


(7) 


p_Lc- J^aL>JI <_5^ y t 4 ^jLj a j-AJ 

^-Lc- Oj^Jl ol-Jwjyjl .4j*>L$LXw<J J-i 5 - J 

^ A-b.,.b a. ) 1 ^ jl ^j-wob jJ-Xd-ao 0^ C (Jb-abl 

(_^jjl I idUAj j*y^l (jji JLJJ 


I. Bernard Cohen, Franklin and Newton; an Inquiry into : j la il (7) 

Speculative Newtonian Experimental Science and Franklin’s Work in Electricity as 
an Example Thereof, Memoirs of the American Philosophical Society; v, 43 
(Philadelphia: [American Philosophical Society], 1956), chaps, vi-vii. 
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i jJJi I ^i-jO UiwLLPj . j JsJw» j_a < is A_» -li olS 

(< *> 

•Xd ! ^jlS" ^UajJi ^j_p La1j^>e_^ Lol.lg j a^jLj ^_£J l ^p 

<jLww) ^ejljo Ijjl ^ Ip j-^ diij ^L* 

4 Av^ L>- Oj .^U-lII (JjjJ? <jl j-L 2 j ^ j 

^3 A*>j|jjJJ ip J-*-> ^jp ^jL> ^Jl*a!L> ^^>-ovO Lo jLs*? L^wU-P 
o jPLlb oNl Lft jpJJ ^Jl ® jPLiaJl jLxpi ^jA jL/? c AjI^ Jj>- 

^3 Lol .4 j>*jLo 1*51 ^^Jp ^ ^ — > J ^jP j-s-j'bJl 4Ja_^o!jj 
Jj^l ^ll 4 L^J| ^Jij Lo lil il ^AlisJl o jjt cJl5 -La3 L ^jUaDI 

D^-* jjs-o ^^xJI ob jl a_*jL> j_^_S\Jt <Ulj_>-^U® j_J>L_«Jl 
aJjA?Jl a jiaJl a X& C~>lS" t LfcjjX j .^L j~><-a (_$\ ^ l$J j-sAa- 
jJ_J O^SrJ ji ^3 c_J ^3 ol j-jbJU aJLL*JL«J| 

L$v-^bjjJl ( j^o j,Jj .s-L j^5UJ 4 jJj>- yjy |«-*j.sl ^ j j' g ^ bJUj 

A-ua-jj-C^s-j I ^jlj /^j JJJ i yjA*?- j]\ ^ii>Ji f\j j^£1\j 

^liJi j ji . Jl oLo! y> jj^l! *_~JiJl jU .a^LJl J>-b (_$ ji 

„ e "' * 

f r. < * . . -Q L », ^? ^ I ^ ApD- 3 — t-— J I < ~~ j jj 1^ c a^j Li^^v.* > ‘^J 1 a a J D/ 1 t ^j£ r i 

J-i (D15 j c^wAwL^-IJ (J ^ A-s^-UJ! a-\A ^y* 

^1j_jDI 1 Dr° ^-bw^bixJl c-tLiiL?oJl aJL^j IjJ(_«jlpI q j^jL._o-~S' LajL^ 
^w-1 aJj_L>- j-j! y£- \jls>yj (. ^ Aa1xD>mJ| ioL^o_bv!! 

^^xJl A~jL^a-b3l oIj^asxSIj ol,.ig)caJl (Dj^ Dr 0 -? 'A-Sbo-b^l oD^lixJi 
4j D>U (_5»Ul oLSCJ tAj^j<Ji »-LU-> Ua^jj-laj ^-i 

jl . aJJL*_> ySLo-A j-^ DA-a-C' t j jjJli ^yZ^-\ cj J_v2-J J l A_jji yX')! 
yj j-^>j oljj^aj j o'DLSbi-^ j,_Sj>iij 4 _ 5 JI jL*^»JI 


Ibid, chaps, viii-ix. : ^k>l t J y>- (8) 

Metzger, Newton, Stahl, Boerhaave et la doctrine chimique, : _ja_;! i J _^- 

part i. 
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va-aJ l .Lo-l-f’ ol Lg-j L>- j^o-w^j 

.j»JL*Jl Ia^-JO ^Ua ^ 

[107] <u ^>cJl j^P '“--’Usj j-^Jl aOA ( jP £ ji>-l ^JLLal £^L>- ./■'■“'I ^S>L<uj 

^ fr 

S jXs j_^! ^ Lj^iJj t j^Jjp (_gl ^jb (j- 4 aJ>L*ji*JI oLa-ijil jJ! ^yj 

.ljL>sj| ^JtSl t *~ a1ax*-P 4 JaJLs 0^1 ^ ^1 j .flj jJaj 

aL^SUJ L^j i_i j^*_aJl oLo-^«Jl cujLS' 4 <LoL^-£3l oj jjol 

l^Jp I jlu 1 _j-Jl OOl j-Oq 4 4-ol»a^53i ,il ^«J| CjLiviJ 7 - 

jj-o O j-*jj t Ol j_^jLw«wvS\Jt ( _ # -i- f> olSj .«uJl o_^SsJl o’bLe-LbiJl 

/ f. 

O liLoJ _ Lg-^-a l-b-l J OjZ*~S>- jIaJI blS" - -iOjcJl Albj <LJ j\ «(_£.lLwaS 
4 (31 4_Lli (_£ ^_>-lj 4 4_£_iJ_*»a jJ>-lj 4 AyA* ■ > • il ^-«Jl 

_ k . .. " . . " 2 

ol L2 jLx bJaA-V oJLs ..UoMl Iaa ^-L>oJl jA « j jaoI Jj j .IwlSvAj 

jj^Jaj 4 I _y^ UiL*»oJl AjLJIJj bUJ 7 - ^Qj 0_j^O~>- jAaJI 

^aJ 13 aL>- 7-^4^? I Ol j^P - L*xP- ^\J <LL>Lo_a 

ajiliilj A^txjiJl OjaJ! (ja2-*-i (j-a aL^SvJl oLa ^>- ^j| 4AoLw»-^3l 

^ p al 

I j_a*)il c-JJaJ t ojLow^?xJl o.3_a ,j_p ^.Lp 

^lfl> ^j-5sj pJ oL5 ^oJl oLw? J-^ 1 J • 

. j-JLp ^Aillll 0 jjlSl aAj jl? 0 ^jsJ 4j jiiJl 

(Clerk Maxwell) Jjj-^Lo iSj^5 ^jLi- tUiolj 

.^lo j-o I ol>y jL^XJol jS >- jj ^^L^lpL 

aJJx-4a*^> C->L>- 1 Otal-A ^ * ^ -3 ^wwA»_yg2j d)L? -^j 

A^j J&j 0^ y-Z' . Aj {j* {ji 
jjp ^s- L>- jJj ^Xaj j»J 4 f-j*Jz)\ ^ 1 Aj ji iJl 


Emile Meyerson, Identity and Reality , Translated into English by : ^ . .. l^ -l (9) 
Kate Lowenberg (New York: [Macmillan], 1930), chap. x. 
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1 yj ■£- y*0 jj C . A *->• J; 4 *Lo y+a}\ ^Lp j5U& 

^3 Jjj_~S'Lo <_i j-ia-> C-wv<a-Sj wlij .LajL^j |J_i L<k_4 i -*_s3 1 

l Jj j_av5"La Aj jjjJ •' J ' iblllS L*_a*Sj ^j3!3jj| (jl Sj tiiixjl 

LaJllPj 4 Lg_kP frUJcL^'V I > ^j-a 4ji OXt-jI 4 y-> y~y 4jjJa_i JdLa 


■ijJLaj! ^j>y . l^La -kxcLJl 4_A2 yfl jf*S 4 4-j»-3>J O M?~ 

Jj^-^La ^U>J! 4 *L>l^2_a jJ JxJLiJ claA-i 4 ^^-JLaJ] o jJjJl (j-o 

“CSb j«J La J-*J 4 l _^*~ a *)>b ^^LS” “blLaj (_£iLa (_£ Ja— aj 3^»-J ( _ ? Lp' 
Ja~« jj! slDi ( JJla ^.. <v .,ig." ^j]\ 4_wal j}\ jU"t_«Jl O je>t£3 4 -LjS'LlKj 

4 “Lab ^»“>LSC5i b)b Ojj&JU s-babjdl Jju .j_£ ^-3*)! I 

4^l-jIS^ . ,,-ab-P ^-p 4 <_sjJI La Oy^ y* 

aj (1)^ (_£*b!l j^a'il 4j-abt«Jlj C-’^XLSbjLa-Sl .v^a oJj«Aj>- ip^«J>5*a j^^ja 
• 4.1* -.w.- 1 1 Aj^JaJ! ij~S Ai*) I p Aat^Jl 


.uJjl a j-^ 3 - 0 o^iioMl oA^J L)j£j ol jib 

0 j_& jl?*)! ( Jj-$ I 4_-_xwkl C <LP J 0 ^w>L*_>Jj) 4 j V\bjjw<j L 

Ujb wots” l^jl jl * ^- 0 -il A-P- lia.« >,jjj jib 

44 JUJI dllJ -(^p' 1 lJI tjA*^ tjr> (j- 4 

( /^?-jjp>Jl <1)1 iw^tP *>\j -Lvi^l 4 ^'yiio'y! jJlJ 

a a 

a-LijJ ^3Jj 0 ®-iLj Jj^wj j»J-*JS ^IjU jL '^(jL> 5-« (Jli aXi 

j j.jg.Tl' L)Ls 4 4iiJS ^a . l j£- (jLaJ^/l ^yQAA 


Edmund Taylor Whittaker, A History of the Theories of Aether : ; . ..a.. ..;! (10) 
and Electricity , 2 vols., Rev. and enl. ed. (London; New York: [T. Nelson, 195 1- 
1953]), vol. 1: The Classical Theories , pp. 28-30. 

tka^wJj Lj>aaS L>a*)Lt ^oJadl j ^la . tl l L»at>\l XiaJo-j XpjL ajjlst. ^2Xl?*>U (11) 
Charles Coulston Gillispie, The Edge of Objectivity ; an Essay in the History : J h ’. I 
of Scientific Ideas (Princeton, NJ: [Princeton University Press], 1960). 


[108] 
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j*-Sl jJ j-uL *-*j o*^Ss-v^-<J 

/j-* j*-P jJl ^ * j-aU? ^\j-^ .oLjJilJl 

4_^j>- j-" 0 t ^-J lp o ^jsJI p-L^-Lp 4j ^J-* 3 tlr° j-* 0 '-*-^ I 1 -£j1 ^j>c_a 

j3 ^j^-J ^)_P 1 4 Pj jZ*J> jS* 4j«^ljja 

4*Jlj J.^3 liJw« O-jIS* N J 4 l ^ la.t A_wOwLp ^P C-’Ls^i j^P-1 4»J-UL 

.^jjJl dl-ta L<^5 Cj>“ <uj>-jli>- ^ju>-j — .^ r ^« 

** ^ ^ 

4 LIU J-> 4 L^-J LjJW? jl ^_ol_*_«JL Us j_-*i (j-^U J Oj> (JJ jUli 

JjsJ 4 4iiJ^ jj-o jiS\j .JuwJLs- p_*-ol j-< (_JJ oU<a3l I j^_J«j cUisL^j 

j Jill ^Js .i^j«j Ji j 4 ‘U^SU' Jl (j~>U! 4iJJi JCvo ^Jcil UlL J js>cj 
<LLL .iLpI jSj 4 JLUVI cjU^I>c_i jS> ^3 /yjbuijj! 

4 4 ta ^jLS' ^ 1 4 j I ^ f U ] pU— 1 ^**~ j ^J 1 

p ^ p 

,jJj-o I— 3^>\-^)l A.S JzS 1 4 lI-»!jJL Aj >- jJl U_A (j-^J 

^>c-^-<Jl ^_S\Jl ISLolSs-^a jj J aj ^j^SIp Jjil c . AjL&Ip*- ^j j_*1j 

£~L>cJjJ 4 Oj-oLwo^5sJl J jl>u 4jNlj .A-oL^o-vSsJl Sjjl3l ^3 L^u ^JJl 

^1 j_xdJ ^ j->- 1 c^Ld-s^j 4 ^JuuSoJl aJL>- j 4 <j jJJl I j->-^-^Xo <1)1 4 * ..l^.p 

1)1 /jSn-oj 4 A^^^SCp 0 iJl_LA>j ^ )1 j-UU>c^o ^3 4j>tlL<>Jlj aJw J 1 

[ 109 ] «-Lj^jjJl ( J LlULUl .4 -^^UsULo j^sUI s JaU! jJ 4 4 jjL>- j 

4 . 5 ^ J^ ^%-Uis ^Ul JjsLUl t ^’L-*»'^/! jjt 0 

C.^^J iiiL ^jS- 4_iil>tJ V oAjJjSxJl 4 jL ivS 

Lo 4|>U'yi j»jj 4i_i_^»j j! Li -U j (Jl 


J_ULJl (^j| oLLuj! ^JJ A-i jjoUl <— «jUs J l ids'll!! Jiii j 

J^Lo (Jl J2J L«-^i AiUvJl <LL«*yi 4 LjLjcJI l J j Ugj (J- 4 ' 

/ »■ 1# 

jjj> L^Jj L<a>j L.>^?..>U IjU 4 ILL - j .L^aJsUl sL>UJ 4 ijL_i-)iljJl 

4_Lisj 4^1JLJ 4 iili ojji -4— tt-UUl 4 j J a_JJ j»_*_( iJUl 
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cJ N jl i _^j\ oljjLSCJl ^j-P (jl j-Jl 

<JLLi_> j-ij_jj . djLj-jLSCJi c-L-A JpljJb ,j-^j t <Ui.. ..iaJl L|_Jlp 

ol . l^, 1 .../LuL ^ygLH ^ aJ^j ^>- 40 L 0 ^-L*^J! 

L^-x-4 J~OOj 4^_w>o £-jOJ|j JuAjoJ! ^jA 0j--5 4A-J.2 (_S^ A*..,.,lgjl 
G.iALjLaJf ^JJLd j^Laj Aj2j ^ liJj (l)li 4 43.2LsJ2^j! Ajjj^iaj Lg^LJLlSl 

Ifil OiL»-ij.2l jJl O ~JL)J .^JuJJ jOajJl j^Aol! 4jj^^»- 4 4j jj>oll_j 
^yA Lgj I .LaOwAXJ j^ylSl OlLjiiJl J“>L>- ,jA O^jj 

jj-^J J .(j^l AiL-waJl ^yA aAaj 4 (_£ ^£»-l ^J- 1 ^jA j*-L*Jl 4_jjJj^J 4 Lj2j I 

j^J- 1 ^ oLa-i_ol j— Jl (1)1 4 ^pL>- 4 LjIaj (_5^i aA^a^I 4_J j3>\ 

oL^-a-jjJ! juj Ljijl ji LjJ! Jj 4 aJ*j jp- f.L»Jj*JJ 

4 oLa-*_olj— j! Ja-I AaJaJ f-LLl 4 ^_lL*Jlj .iaj!^>Jt ,*OjaJ 

Ajj! _^A 0JJ^£5 ^yi 4j^jl*AJ 4 Jpl ji’J ‘AjltJ -_~o5sj 

j^ol^oJS ^yi <o^a oN Lilii Jwa 2 *tj 4 oLaJuoljJl LoJlLP 4 idUJJ 

. 4->- (J ^ yz * ^ j^>o 


4 J^s^ajaJl I j-£ I JJol ^Ji oJjs> Ll 

4aJ>-j_^sJ L.- « <w 1 \ ^Jl ^>* 4 j- -v^ OjLJol j-9 Jj L^->^ 4 cii 

''y L< » JaJU-^ L>- j-U LjloJ I o>L<>o^^l dr° 

<^^Lbj>tj L^JjwPj .^^L*.!! L^-L>- 

S£ 

4 L^U- (J y*~z a^aLo (J ^J-aLS' j^S' j ^-^- 4 ^- 5 *“ (_5^j. 

^5 U ^ 1 JJ»P 4 <jL>«u>J ,^y2JK . Jl sJS-AJ 4 U^jU 

L<2_£j>c_/d i? ■■■ » l.^ v ^ I I U [110 

^ y 3 JJ 3 ^ J-P A.JJ I j^JiAj 4 <Z~JL) jjL ^sJl j-oL*-oJ( 

^3 J 5 * OjJxjj 4 aJ jJ I Lg_s^jjL> ^1 fcillj 

0 Lsiajl ^g (^ 5 ^ 

<Z> ^ ^ L?x^>J I 4 L^3 *)J 6 J 4 ^1 ^jsojl ^ 
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^Jjt- 'y 4 jI Lo-j 4(JlLaJl ^gi-*3 . 4-^aJtjilj-Jl 

i)\s jj jl>- * y 4ji l<w_5 4 ^isi cj*^15wv«J! ^y>- 

la LaJili A~a_*_oi ilj'y iL>tadl <jU 4 jJj>- J^P 1 g -- a ■ 4la*}L$LjLaJl 

JjUj S 2 I jiS'^yi LgjU- ^}\ 0*>l5wwaj( ^A La ; 4 J|j^vJ| 

lLLJ^ AjIa^-'L/ I ^ 4 Lwj L*-JL a »-l 1 ^-w*L-A-a-Jl p . /? ^_a 

(jlj 4“ui5L]L 4 (_£jL*JI j*-L«JI ^jL?- ^JLi aA-L Nl ^_^a3Lj 

4 y*-& ^yA La 4 jJb A*>-^L>- ^*jLaa ^Jj A^AxJJl (JlU^ 

iJlAA <jl j-*-P • Ajj^-J 4^J S yjL^»a A~a-Aj.il^Ji 4JlJ*yf iL>«_aJl (_£A_Jl 

. jU jJl j AijLx^aJl (Jax^vUJ 4 j^JLlIj j^jL^aJl ^y> Aj jAj^- ^xSl lj_Ju 

^jill ( ^a ol^Aj^l jJl jl ( _ 5 aj 4 5 wi>-lj iiLw-a LAM ( _ 5 ~>- c-^-IjU J-Li 

aJ OjS^j ^ jp-l L)l ^ ^ U 4(j*yi Lai ,j V J_*Jl 4 aJjj 

. L,<g, ) I A*, .la Li Atijpa oL»A-Ol jJ\ 
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X 


{tUlxit (_y!| djidhUl ^ 3 J ujtj^Ut 


jj-o t _ 5 ^i>LoJl (-L-?t-Jl 4_v2J>ti J_*_>J Cj*_L*Jl £-jya 

** p 

*}\jU cilx^Jl Jl J-aj dl 1 j^abtaJl ^jLJl JjP <Jpl j-k’J j^> 

aL>_L*JU jyy a_— jL jJUJl jli i o L»Jo.il ^JcJ Lojj-p <u| 

■C^LsI J jjJd-ij a-AjJj>- Oj^~o -LJt>- y j,_40jJL (_rd-^^ 

Ojy a-La-L*Jl dl dita 4_— a-&! I j L >_jjj .o-L-L>- 

t4ijJL«Jl p_^j!jjL)j C 0 jjla.lj LoJ_LC- aJu-L>- e-L—il C-tljjdJi 

(jl J La-S^ I J-L-JJ .J-S (2^-° l ^ J IjjJaJ dj J>L5" <C_$La'i 

ad-La'ill 4—3 (_£ jJ j}>-\ (—5” Jl aL>cJ JJLdl -LS ^J-^-aJl Jj>tJLoJ! 

4 l*-L> .L/g-)l 43 jJta al— il Igj*^ (_£ jJJ 4 a j^L 5 J 43 jjlaJl 

Vj 4 jJI Jj>- JtdLl LiL-ft ( j— Ji ! ^jjJl dUi a^yJu j»J 

jli 4 dUi .LgJoLtS" Jl £-jLd a 4— aj_Jl jj-oV! <J|J 

^J-LJj-aJl jt_^-~>tJ Jlp Ojy aLai-*Jl Jod oLoJuj! j*i\ Olj^JcJS 

* 

q -a *V I jj3o *y JL*Jl dili ( _ 5 Ji aLa_L*JI a jj>J La J .Ltf-Ll>«-a 4—8 

(J j_v2J>- -L*_i (J j-flJl 1 — P y -LflJ 4 4 j J_*j1jj Lj^j La (J^>L>- 

. al—>^a J L*J j y^>v^y a j y\ I 
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oLv^jVl 0 -J 1 J 3-J jVl J^LwVl 

^-Lo olS' L^J> .1 4 *l>- L^ j L ^^Ua_JL>Jl (j£ 1 A3 jJUl 

jLu^lli j .JL*j La ^^3 4 Jljl jJ_*j 4 ojjjJl Jl-3 ^LxJI pJLp ^3 Uaj 

i £ jJ (j^ cy=^n Jjl ^ 4 (JjJ^aJl £jl>- <_5 AJf 

U olfi- 4 ad^S" O^f j>o j! jJL j .lLUj -L*j ^JjL^'yi ^j- 3 Ai>-li 

jj lg_>l V 1 4 (L*jli IwLLlU 4_Lli j-z^j 4 <uj>oj-Li j jSL 

!* 

<Jaj jJ>- ^Jj j iaJJ ^jjl ^ J LLaJ I J 

j- 3 ^ jt—'U lS J i ( >r > - (_^ ‘(Jjj L ^ s ' 

4jj3 4 Ip iJLdJ I ft y> z->- ft ^Jl L— JlJaJl jkaj . ^*ojl *2> j 

cLol jj>s J ^L>t-w« a-L^wlii |*-1 Lp ^ j 3 ^ " u ^ 0 j^^S~o j A lg,Lli>t^a Lis j . la , > - 
oj_a> (J--- 3 (^f- 3 dd_P J j-s>.->- -Lh_j jj^wJ j .Li jJLa l_^jj_SJi L_>j3 
(_£j->J pJLdi ^Jlp llitSw) 4 JUaJI J.ygj 4jjjj! <_$* oN 

4_Lj-Jj (^JLii pJUJl ,j-^-J .lw~w>eJL^j La-^ 4_~-=»t -~^-LJ ja-!L*Jl D \jJ L» [1] 

* * * 

jv-IaJI ,^jA j 4 A^j>- ^ys AA.^kj 4 Lol^J L> j-o LoU 4-JUaJl 

^xJJuJl 4jj_ ^Jj 

J-JjixJl ^Jcu laJJ^P 4<iJJkJ .^LpLjI ^^.Lp <* JUaJi (^iJl ^^U-Jl 

j*_!L*J! jt cEj yJt Ajwojl ^3 ^^UJl 

jJUJl 4 A3jJUjJl 4 jJs> Ai2^>c^)J 

pJLp ^wL^*jo 4 ^ /%-Xj 0i . ! J-j J_>- O-Jll? >- y ol 

jjUJL A.^ila^ N LJIp 4 j Ll^ 4 < c>cj 

(1) ^j-aXo jJ>-! 4^-w<j ‘C^*^ 4-^° ‘^-^ 2 -^-i OkS" 

** ^ 

,‘>Ui t-jlAAVl A^/5jl*Jla AjsLait 3 oLaJu^l yj e_U2 


Vl 4 i-OL*Ji L^JJJ 4 4_^xJi \a v»PjL>&xJl y* ^ 4 

* 

jJl jj^ ^ jc J>CJ ^ ls^~* 

^ p 

,^-v^>cJi i 4_Jw<i^P ^3 IajLo» 5 j-^>cJl /jP ^1 
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8 jJLSl ‘ ( _ r >- jJ jjC^I v— I j-^-S jl-LLo i-oJ c4 Sa 5^Si sJla 

. (Hanover) y jJLa ^j^cJJaJl J^wJl ^y> -U-L~_ * 

oL^iJlC- Lo^JlP OXo oljliij <UUP -Y (_jJJl jL^-^U £-j>UJI 

^^jLs .LjJ_La <• iS ji (Jjl t aJlS |*JL*Ji cs-LJ^j/l 8jj_v^ l j~SL*J 

,ja JaAj jl 4 -jjJJ i£j~T 4XjLJa sjL^>- j» jJsj 4 4jI J- jl 
^ tS ^ T - j-s4> aJLp- <Op^lJl J <• LLjJliijJl j^jP 

j»JL*Jl <lJlS ^ysJ^s . Jl I J_o jl -l*j i Cj^ -9 •® ,5 '' -> " 

Jj«-> jjjp U ioL f-j 4 i_JjLj (J-alSJ) 4 Xj jj JjJjs- jli 4 ~b -L>xJI 

*Jl jj (. ctUi J-*-i . 4 la 4jjj ^Jl (J _jSvj 4 la..^ 4 ~G>j 5 J^2> 

<jl j-A J ^a>- j^-LIIj .oljliajJl £_aj (J-^ 5 (_$jJ O-iLS L-S -L>-L>- l jA 

^1 tilSi (^-ilj <UJ 1 (5 _y>- Ji (Jjl-x * laT’-a (_5 j-s4!j JJb- Jljl 

d)l c L»jL>c-^ L*a_j I j c Lwd jj>- . <ub JJL>Jl 

^ ^ ^ -1 1 t. , I-X^J 1 („J 1 ^ ^ ^ ^ «-bl I I 

j+S* <L-*J jLj^^ I ^-* .-/?,:>• 1 ^^L>c-J^Vl j^~ 

f. * * 

jl JwuU .jAJLo-o jl ja>sj t^j^i^L-Jl Jl^AaII <_T“^ J - * (_jJJlj 4 £3 jJLiJl 

[113] jc*' 4— -*J (31 jjl cSj^^d ^J^-*-^ (jl J -dji 5 Ala .,«il^j lj^wLo 

jt-^-jj^4>- ( _5 ; 3l 1 ^*-UI Jl jjl ^1 Jjl jll i^Jji jl IjjLS tCoiLi) AaJjSa 

o^jxJl CAjij LjL>aJ (, ijJJi ^aj .4_4_tl_^Jl j-^3- 

L^JlS’ Jljjj/l Ij^rd jl jLa t4^3lSCll 4jJJ j-aJI Cj')! ji«Jl 


George M. Stratton, «Vision without Inversion of Ui y>-\ aJu^^l (I) 

the Retinal Image, » Psychological Review , vol. 4 (1897), pp. 341-360 and 463-481. 

Harvey Car r, An Introduction to Space Perception, : U jS\ iw-l _y o! U5 
Longman’s Psychology Series (New York: [Longmans, Green and co.], 1935), 
pp. 18-57. 
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t— i jax 3U ijlS” i^iaJ (Jj! ALp *t*3 ^a>Jl j-P' 

^ ^ ** p 

iiJU .iSj c Ja_>-*>LoJl jt-^s-tJl <jl o-Jb ^5 i— > jl_>tj Lb->l i)Lb*j 

l ■qijJS i_3 jAb-L Wjiixsxj 4_j>J j*-» e-LbaN 4 LaJt jS-J 4 (j jill 

{_£jjl c < _ S A_«_)I i_Pjt>ijJl k_o! 4-La\_Ji> o jJaJoj . ^jSjL-JI 4j j-f>-J 
jA y Jba U -. - a o l_> {Jtej f- j^kil t O^AlaJl (jlj-fe ,A-aJU*il 4La 

^J-p d)Lw»-iVl L*j .abb diljityJ ^Sjjj^ 3 is j-**> 

(jl Xi_j ■ /?,. ll _ <0jj-*2lSl 4j jf>- 4J2oJ_P La ^LpJ C A-J 1 j^2j (Jjiil a^ybi) 

p ^ p 

4 Lib* j_^5L; (jl N > li_& JJLa i 'LvP .Lsbjl 

4 (William James) p-J j <-i j-> JLiJl «jL-*J Uij 

. W-Lil^lla jjjl ob 

j! j*-l*J! ^tjjlli ya 5Ap _l >-j 4 a^b-'i! ! oljb^Jl 

j 1^3 .3 ^2b Oblool Ob &2 >LpI 43 ^<Jl i_3jL>tX]l y\ 

^3 4^xJUajL>Jl j»Ju>cJu»o t o j_^v 2 j t (N. R. Hanson) 

(3) * 9» 

L^-S" ♦ llA -L<CL*_aJl {j* Ls^2-*J 

^Jws^-sl L ^-^ a ^J 0 j-Ss-^ ^c_)jU ijl cijl c Oj ji>-l Ja^-N 

p p p ^ p 

(jj^_i>*j &LoJL*Jl L)l jXaj jl jL*o'jll /^SLal bl loib'-a LiLbl jiblj 

.a“>Lp! C~iv»j ^^voJl i3l jbVl ^ oN y>d> jb-T ^jjl CUSj ^yi 

Lg_>li ( 4_^>- <t_*^>- jJ ^bv-ww~Jl 4_Jjb*s3L!l j! ^j_a jt-P" J-^L)_5 4 


Albert H. Hastorf, «The Influence of : j...!a, ’.i t i_U_j J_p J j zi_.>^J_J (2) 

Suggestion on the Relationship between Stimulus Size and Perceived Distance, » 
Journal of Psychology, vol. 29 (1950), pp. 195-217, and Jerome S. Bruner, Leo 
Postman and John Rodrigues, ((Expectations and the Perception of Color, » 
American Journal of Psychology , vol. 64 (1951), pp. 216-227. 

Norwood Russell Hanson, Patterns of Discovery; an Inquiry into : _ r ..la....;l (3) 
the Conceptual Foundations of Science (Cambridge, Ma: [Cambridge University 
Press], 1958), chap. i. 
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[ 114 ] 


^L*3 - twLiJS jJlSI d) j-^-j <1)1 j-L*J t (Jl_>sJl 4.* — Ja_i 

t j j la ■ U <L^S' j-« (1) j^o ol l ^~*s>zS\ ijljipAj ( j rf ajLsiSL>- 

L^. jLj ^ 4J3 ^ .,. |f 9 <>, 11 ^ 4 _oLx^Jl oJ-aLJl^sJI ol o - . " 1 *y l-g 1 1 j*s* 

4^-wJ s (jli i^JJi j ^Lc- . ( jjiajL/g.>aJ' ^ilhj iljLjJ t<Ju>e-Jl ^JL^- 

ISlj .*yur»t Ir*' 4 W.2 *..1 1 iJAU cjLJ| (_$! Lgjli s jjk 

i 4 S *!>(-£• CIjI.1 _j-A^j (wJjL>sjJl a.X4s d)l ^ySxjjLJl JjLoJl ^Lp oLS" 

(1) 1 £-S d)l L-lSv-w j_y)Jl a-I-jV! ^'I^j'I ^jl O'! Nl Lo^S 

.La d)l j*-® J~> *y (_5^1 <AAJ->j 4 ^jjbJl (-* 


aS1j.s| Ol ^xjUa^i^Jl ^yo jj«JJ ^s^L>tJl ul~/yi <1)1 

J-&J <5j j^)o5 &jy/2j LL»J_J AA~>- aJj<j>x_> (1)1 j-AJL 4j*y ( (J^»cj jJ 

^ <!>' (_r^ AjVj . <L) Aj I^jIS A_*_L_3 jl <L^iJ 4 >\sSH\ 

AjijA* jj>s-> ^^Up 4->"^"d oli 4 ^3 j^_*~j Ai s-^-A 

^Jj t aJ& 1 ^-lp ^-^1 A? 1 

U-llj (1)1 Jt— L*-X j (1)1 Lyg,j| AASUj^J 4 1 .( 4 — -J I ^1 A-laJl) 

U) (JjJL (1)1 AjAIP <aSUsJJ 4 ^^j-USLaJI ^j>a LI (1)1 (1) fj-A 

oA-A 4^£l*Jl>- 4 j~i Ajj AP ^ jAjs Oj aJ ^_2 ^Jp ^)AiL> ^*2 

c2jj*j 4 JJAJLj .1 jjLaJI ^Jp v— *jjISj *SaS LaI^j aaSsJ j 4 Js>jJaj>cJl 

4^-s4?^Jlj) ^JjAoJl ( ^JJl c3 jj 

4 *u>-jl>* A_liL^» <J ^->t-> Ji (1) jSL ol Aj N aSIj^I ol (ApLil^ 

<5jj 4^1j Up J JiiSl ^^Ajj caJI a5”1 aS c^y>e-<Jl ^1 

U^S" 4^^-AlU^Jl ^j-oLa *CA3 ^Jl Jl y& (1) J-Ll P’U A.s^wwo-?*- 

^Jp oLa j*S\ aJL*3 a<a-*-j 4 L^-lS* U^J iLUi-^Jl jJj-SU-^Jl c^jLhaJI 

^SU_> jL_*>a A>-^j Loj .A^AjjJaJl oA^J AUU->eJ «UjL^aI 

4 jJ 1 ^3 (J j)»>^-> LP^ - _/Jl 

.4jjUuJI ^^>Jl illj^^l uaLjLSU[ 
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^j^Xs aOjfcULaJi £_a LaOoJ ( j_JX-*Oj I_1SJ j_aJl (jt J~S- 

4.0 *j at jj l_a *\jj j' (_J jj La ^Jj L»tX> j! ^L*J| jj JJLoo 

t 4^4>xXl' O t ^Xp' LL-L-a ^ y>" J jOX t-it^ 

^aij <. 4jl_JsL*_aJ Ij-i-vaJ-a LgjL iiaJL~J! LXL ijli t 4JOjjj 


r. 


* 

4j *P&*XJ j . .'^ L^a3 ' ^ f * 7 ■ - * 1 1 t^X' ^ pi L^Os" ) a 1 4‘ LLjLww^l— *— t_ y . _., a 4»^j y -L^X^a 

l. ^ --L.; 1 j ^ X .w Ji . ( ^4>- jpl ja>-^^..,i i jtLL*Lt ^Jl 4^«jJb 

J-L 4 ^j-^L^-jNL c!j_>oo LI — 5 1_*_3 i ^Ajao*al SX o^XSXJLaJ! 

LftaLjl a- LIS' Xj^ajJl a jJldjli .<.oJUa .L>sJl < JjL>oJi 

(X*j ® p>t - Xaji ijZj coals' c'(La-w^»- ULs-l j X>- jjs LX?-l)i 

g-j j .., r?J t OL Xi '_a LL>-^-oJi LLjl5waJt J ^JsOj N t OOj - L tXjL- 

.*i j-Xt J-p oL->J! j oL- j^XI t_Llx>c^aj ajSXj ^IS .jalS" j-® 

^_>cJ oJLsij IS1 t JL>e^3 ^3 aJI o j_5vi3 

jXj N Jjis 4 ^*-*^ 0 ! 04 j — *j [115] 

S-jjJi-Xj ^LaJLP^/ i j J cJ J~-A-i • a j-^Lw* 0*1 o»i-jk 

^jl <1)1 c^Jjxp! jJLb I 1 jJa_L} 4 ^u>^Liil 

jJ ^*>LSUl lJ-^3 . L*-jLi <1)S/I j 4 L5 j-S” 

^Jj j i j- a *j-£ ^ jU ^j^iiaj j»lis u l)L Jwuij 

i *Xj-L>cJ! d,LUJl ^J-^- (Jj->cjL^«Jl oL^%oVl <Jj-5_j 4 dUi 

cx^S" L5 jS & jj> c (aJI L<k-S” ^ooiii ^1) o^-wwl>* 

.<^>J_xJl Oijjiil (J j-A>- Ju*j (J ^ i-L^3 . ^Ui2j>- 

m* * * * 

4 J j->"t LaXaP V ji <Ua>X»Ji X 3 'bl ^A>aJ L)l^ 

, J jJ>xXt LlJi ® j-J>Xa Li^Lva-^ SiL^Ja £j ^0 'y CaL^wi) jj'yt 

ol J-*J t^La ^SjL^ JJi ,JS- o' L-Xp «~~>^ Jj 

A-^J jJaJi /^P aJL j^'-i 4 JjJo>cJl ^Jl b 4 jtJL^Jl 

■ JA ^a 4, J* 
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4 


(jjl (JL™jj ol -la «_aJl ^Jl J_*jJ 
ojjls JJU -^~*-> (JjJJl 4^-j^oJl j»JL*Jl ^Jl_P ^3 i \^2j>tli 

(Sir ^ f\ — J 1 • " ' “ ^ ' 4 — - 1 - ■>, S~i jjb J-*J • 4— j3_Jvwt^— ) (1)1 4 4— al^j— J 1 

Jd_* J jl (Uranus) ^ jJljjI ' — - William Herschel) 

jj-0 3j_P (_^lj J-3 J .£.3 jJLoJl J P V_W*JJ! (_*JJ “<-1 j->&J j-3 (jljl yjs 

x*o jJL ^w^UiiXi-'y I jj-;^ ^ ■ >_ ^ p u^H 

Lg-Lidd l)1 ^y> Jj N j\S *ul 0^1 ^^3 Uk>u c ^SCLaJ! 

cLjX>- Jj j 4CU3jJI di-ta ^3 

a^paJI J_&LL JuLz .1781 j 1690 ^a Lp La Ai_L_>i_>a 

^l_P ^3 aJL^Lo <JL-J ,_^3 A-P oL-A ^3 ^JwLv^l j-)l , j «/? 3 1 

aJI ^y>- jj ol ^ja olS” y>A\ 4Ja-^*>La l)j3 1769 

L A^jlj wL&LJu La JJsi> aL*3 Li lL_£> J jP*-l A*J>*J Aj j _£ j 

. A^_Ao A*-w^ J-v^23l J_^P j>a aL^L jj 4 AL^ 0 jJ^J> ( ^^->! J-*_> 4 0 ^ JjV 

^_>?_>tJ £t_vp| J aLlp-^L* ^_1_P Ij3li (jLS" AJ I A_>x^JlJ| doLSj 

IJJ 4 £3j J3 U Lap- jlSo . ^ jPxLl £A ^-3jJL jJz- jA I Jjk J 4 

^LJaJl «A*J La ^Jj_ dUS Aj oJu-Xj>tJ (J-^ Jl23 

j^ 1 ^jLpi iLJ 4 ^^>aJ! ^ j^~ 4*-aL5* 

aLJjL j 4 j ! I J_> Ju>“ LoL^a AiLLlS , | ^jS* 

Jww_SLJ 4 oLoJ-<»Jl Xz>-\ j\-^-a ^-A SjjbLL^Jl aS jj>z Jl Ao^t>L<J 

4lUi J_J L«Jl^p j . (4) <^i' j.? iilli dj-A ~xi jlJi_<Ji j! (Lexell) 

US' 4_^1 ^S3l 3 JLp 3ljj 4 LIS' \^*mA ^ 3--LP jL<P 4 £-1 ^3^ I 

[116] tlAvaa- (_$j-ll (_JjLo_cJ! |» ^sULi .i_i jisx^oj! ^gSQjjJl j3Lp ^3 

a j j,-s. a , i 1781 ^ 4 (< j- 4 O ^ o^l j£j>-\j 


Peter Doig, Concise History of Astronomy, with a Foreword by Sir : jJii! (4) 
Harold Spencer Jones (London: [Chapman and Hall], 1950), pp. 115-116. 
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OajLa Juu *Jj! 4£jj jLa 4 <bj/ 4 <tilx^a 

La jjj (< oi-a j\ JJLa) ~J>j! -jljijll oj! jJLa £_a 

>( J-i ^a idjLa jl5 ^Ji 

* a t 

I jl ^j-a J^SLa ^jjl Lj j j]\ j jl j— -£* 

J_aLJLoJ 1 tjJJS iJljil ( ^S jj\ aj| _Lo 4 4_—Sjj3l <. ^ijj\jj\ 

jl (j-aj .jjSj (_£.Xa Jj«jI Coals' 4>oLX9 . 1 — c>ii (JjL— J l ^ 

wLc-La ui t J—i j-jh <wi > ji (_^ jJi t j»-*-ol i.?® 1 jjiai! jj-SL 

^j-a jJL*J 4 1801 j»Lp J_*_j 4 £-J j_*a oLjLxSjl ^j-wj^LLjJl ,>I,Xp1 ^^J-P 

(jUj (_s^ J-JjlJl jl £-a 4 oLjjj^Ji jl 0 j-sJl^ail OwU J-*j! l— SJ 

<* 

^jJP IjL^j aJ*A J"*" 5 C p«J^=J>T=J \ B j +JK*i0 Ljj j£3 J 

^Svoo Jjlh 4 v —^ 1 ^ JlP B j^aU^ 

olj^l 4 1 a „>,ulj_jj 4 43 l_-S 1 J-S’ 0 j-^-Ss-LdJ! 

-^>c-J l dal j-L— ji ^3 L.^..Xa j JX t S ' <j^-A lj3*X>sa j! ^j-a 4 4-9 ^jJLa 

5 4L»I jlLtll ^-JjL jSjjj . jJLs- «Ljl j jjOl jja 

tjt_*j^ljJl ^Lh ^qJajl iiljijll ^ C— L*aj>- ^jjl CjI^sAxJS l ye- 

fi, & ^ fi> 

jj-SL jL 4 jLia 4 j j.^a,d i .Lj’^-a.C' ^Jjl jLS" L$— £-*-> j 

* * ^ <f. ^ ** 

lj-AJ jl jl 1 jlj Jj iyy* t j— jLLaJl jl jja i \^a>- La L—j> j& UaL>- 

j jii! 4— jy3 - i jJJij 4jai — SI ioli cLLS' ^Jl ol jU-Jl ^ 

j j . -..,ig„lLi ^Jo-LjsJ! J_) ^_1 ^1 J-Csl 4...., P (_jjj| 

; j 4-)a t^Jjsx— a 4 4_^jLa— a J j) ^ La^4ll ^.>1 

Rudolf Wolf, Geschichte der Astronomie , Geschichte der :_ r __Ji )l (5) 

Wissenschaften in Deutschland. Neuere Zeit; 16 (Miinchen: [R. Oldenbourgj, 
1877), pp. 513-515 and 683-693. 

oiiLjC^jl oSa £jA, aJL— « (Wolf) 4 _jsJjj 4 — iv?j 4 _.. 4 _jLS ica l>- o_jj— aa 

. (Bode) ju j jJUJ a^c5 
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Oji {j-bj t jSL>\ oJj ^ *.Lo-«Jl ^ 5ijj>- s |» ys^j 

£Aj j 4 ^ i4* ' - a ^J-SsOO^ 4 0 jOOasJi ^ j* 0^-P - 

j *jJI ^*Jj • <j J jJu L aj j-*/>\-x^j j_Jl Jlp jJUJI LaIjJ Ol 

^Oil (JjL^.11 ^->oJl ^J-P ^-ll ALfLaVl SOjOj>sJl 4-a»>s-J!^ 4-wOJl 


JULs . ^yj j^u jiJ^ “*“* J ® j-«il — 0 (_?0"*"^ i-iLLiJl ^-Lp oljLc*-* 

o! 4 O^jj ■ j*L*£* ^>oI_m*]I O^j-pI I ^^*1^1 v L a‘«. . S*l 

(J jjO oLjJuJI ol 4 Ja~>- Ajtlaj J-La ]a^mJ [^OJU 4jJ-Jjij 
(7) ** 

[117] aJ j - ^ -> Jl 0|o * AZjlOJl ^ ^>sjJl 4_-^S*l ! j ^>t^r-a (jLS* (^oJ! l l 

J! o jjlo LaOip oJjJL>- j^SCLoJl iijj oLso7 ( joUl ap j^~Jlj 


t ^j^^wLaJl ol (Jj-iil ^ <-sjr jj UJL*j>tJ 4 <u»j jJ ol jiL ^LajOi aLol 

lOil^" 4 c]I^>-NI Jj> (_^J .4_alOr*a j*Jlp ^ Ij-Olp- 4 ^ j£L*j j)jS J-*j 

& p 

.diUS" iOjIJ iiL>Jl ol jJ L*5" |» 5jl>fcOl 

jjjLS-) il)N dJLUjl *_Lp ,j-a A-aQ- O -o - . l l 4_LiLaVl O j_0>-! 0_Sj 

5 p ^ 

<0-«J OUJ Sg .,i?„a ^j-a l aJllj 4_*Jj |»0-4j La I — SI.P 4 jjL*^J| S0_&l2L*Jl 

4 \a a a oO_a JdLa ^ J •Lj^^j 4 y3-lU>tJl owLfcLLaJl ^Jl 4_Lyfij 

tOlO-ALJL-a 4-LaL^Jl al^)l^-aJl ^JjLa Ld_d 0->tJ Ol ^J-aLj Ol LO-SL^j 

,L?-jJj^w«Jl jvJLp 4_jjL>tx3 t ^* J O , l0-Jl ( j/3U>o , yi ol-iftlLLaj pLJ^JI 
4Ai_aL^Jl oljl J_«J| sj_A ^L>sJ^n ^jJl ^lou N bol J-O 

o! ois" !il_j .LjjLj«j> Soo ^y> I ~. s, i.>- 1^1 I j*zS 4_...,» xo~aj 


Joseph Needham, Science and Civilisation in China (Cambridge, : j .... .a il (6) 

MA: [Cambridge University Press, 1954-2004]), vol. 3: Mathematics and the 
Sciences of the Heavens and the Earth, pp. 423-429 and 434-436. 

Thomas S. Kuhn, The Copernican Revolution; Planetary : j- Ja II (7) 

Astronomy in the Development of Western Thought (Cambridge, MA: [Harvard 
University Press], 1957), pp. 206-209. 
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Lol iijJj ol t ls* ^jjj 

ji\ L ^±*s\ A\j>y\ on y>X-J ^y£' 0 J^-^> (_£ 4_ljL«l LijL*^ 1 X £->~ I J) 

k_^-LLaJo i i j^-j t J_Jl3 wL*-j_^ jJl j^-*J ji\ y 

^3 ^jj-go /j.^3 t L>t-v<^lj LpLs^ ^^-wvw>- iJljjip) ^^>c-l.lg-« /? <JJ 

^3 L<v ^ iLja ) AjIjJl 

0 l-A-,r^-.>-»^--<^-l 1 1 «^aJ I ^* L«-»^ ^ ^ 1 ^isji C 0 

j-Jlp ^LJi o j-iil ^3 o j_JiL> (j^j .*L> j-£-SsJl ^jjLj yA 

jL>e_Jl lIjLj <+ ^3 p_$JLb 0^ l^-LLP w 5 j J^Ca "bjy^J 

J I ^ ^ I \_ y ^' Lj 4 ^ « i»i» ** 

<j jjSJI jJ-^LLj JtS U jJ-sVl ^JLp I_La_j .LgJLP -Cjc^j jl Lg, ^<-L>- 
‘ y£* ^—J A jj ULj ^ lLL2L_] l .. * bta tXj ^ 4 ] J ^ ^ jm*£' p — > LJ 1 

k isj La liij . LjjjLLj ^J! 4_^^jJL LjJlI Lo_« jXS I illjibi 1 

aL J^53 1 J^a LLLj 4_i j_w3 4 jL^JrJl jaLal j^l*_a ,X&L2La 

(j^SLS j t(a_ s £>j'yi Lo^L>J! a jJL ji L~SL— (LSL-a Lljjjl ^™Jj) <uSL~~H 
jtJ i U-oJIp <tL&L>tj ^»_i u_>-l j j^jj c 4 -v>&jjLJI 

jL^_?“ ^LSLj 0 ^ , 1-^-3 dilwlS' / C jL j^CJl JjLjLl ^ 

^rf^LJS J-*a JuLdl LIS' j .UJajp a^jIL (Hauksbee) 

LjJ-jLxjLI 1 ^j_a ^j*A JL>-I J 5 ^->t_a ^aiLoJLH jb 

t ajL>ol iJ'iL>- 4 jjLxJl ^y^i\ oL>oj .^~w5" jjti LaIj (_5-^ S_Xj — Xj>=J ! 

4 j.^S^sJL- 4-s-vaLvaLf I 0 jjsliajl 4 ^y^Jl. ll lg,,*L>gJl 4 J 


0 jJjJl ( _ ? J| ^CIsxlJ l ^xJ1 5 j_ftliaJl jja ( — liL^xii 


[118] 


Duane Emerson Roller and Duane H. D. Roller, The Development : _ r kll (8) 
of the Concept of Electric Charge; Electricity from the Greeks to Coulomb , Harvard 
Case Histories in Experimental Science; Case 8 (Cambridge, MA: [Harvard 
University Press], 1954), pp. 21-29. 
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ill jlI3j CjJl* AjL jA \ jial I oJlis t ^ ^tiii 
jL-2 j»_j . jjUs- ^jLJI j j-ill j-L&Llja LaTj '-ll-L | j-* Lp jJJj 
t^j^lSol ji ,*_*-o! jj -4-*-> t jJ-J a_j>- (^l jla ^ j (_5>Ul ^L^JI 

jj C LfjSjo jL^J>tll jjrf? wLLl 0 jlS” L^P l * 1 ~ > t^a ^ y 

p ^ p 

A-^owAl Oj 4 i2Xta ,v$ ^ -A_>^ . ^ ^ _j-^- > 

.^Ls^Vl jl^j>Ji ^jja \*y>- L>-aJ-?-I (j^-i jt-Jj - ^Lj-g-SOJ 
«. ^wj>ojJ_) o J i 4_j I o^ ,, !>\JLoJl j oLLsLuJI wL^_ jo Lo.-S'j 
^•I jj-^SCLl ^-O 3 0^-oO*w4 L )lo>c-u02 Ca ^V 7 1 

cJLs^ jl O^oJ t 0-3 j ] I ^ j . i d'. iJ-g-J Ja.O)l 

(Jj^ C^-U jO ^ y >- 1 j LI iJlJ-Aj C^'-J ^-SsJl ^XjI jIj ^ sJjwl> 

• S -T° 


.^L^SLSIj dJLLJI pJ-p o^ j^oJl l j- 4 j^ 3J>z -^l 

p ^ p 

^jjjl ajJ jJI aJjL«^>JI olj-Axll Lvijo l.'.la j- jf jl U 3c-- 41 JJLs 
(_g1j 4_>_>jl 0| jj-3 AJLs .»t..M.^_ jCJl j»-J-P ^_Jjl_j ^j-a e.ll J-aJL-j 

y C ^1 -aI I >*Ap f j— ^*j f s l > *. ~ ■* i J— 

<4JJ (jO O-*-* • ci'^’^l (jO 3I Ojj-i-T 

^ a j-Lkj A£>-j 1-3-! I jl 4 -*jjI ^ U"^ 1 — ^ J ^ 

jl t Jll_Jl 0 U— “ i _ 5 lp <• ‘tJ- c - jl-^j .jl5l Ai jJLo a^^-iS' (_5 ^1 3 y> 

* P P ^ ^ 

jLjj t jj jl Aj^j aj ^v^l-A-aj (_$lj L3 Lalj- y 

A^>yJL^Sj .aj_A J^lwO (_^ jj-l ol ^-wJ<_ j t jiJj ^jJi jiLj»j/L) tllLX-A 
wL»iJl AA-JaJl <S ji “3dJ^ 3 jUtf t t j~>t^S' j^/l *_iLjlS" v y 
4 L^j j-^j A^.. . Ia . 1 1 jlLJ Aj ^>wLP (_^_J .AjjJjL>t_a a j y*s 2 -> 


jl iS^yi iS-d* 1— oSl\ Jjj t , — 'LiSUi li_» _y. ^1 !! , LauiJl iiibil J,J _Jijl (9) 

.4^0 9 ( jI v aL^il ^ OjjS^ jil 
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jl J jJtJl ^^-Lp lOjST-J * i')! i I-L^o tjti C ( < 4_dJlXj>i_4 Lftlj® 

.1 ail>t>4 j*JIp Ji t s_sl2»x5l «X*j c ‘Ujjlji'V 

!-La l <LjL£La| y- C <dij>J Juo C l_j j— <JJ 

S =* ^ * p. 

OOO* JjuJlj 4 4jw\jli l y£ LiL^j *>lo V jl LxSsJ 4 < 

^Q*e - wwJl ^-s^LoJi O-OoO .^wLJLp (jLo-p! 43^ 

^>-jLXj *U_JLlJl fL^II ^j.4 ^j>-T ^uljJl ^.ia-a^a (_^lj 

^3 AOS^ ^j>“ ol ^_y\ A-L^-L^ ^1 Js» jj yo y&j L»La3j 4JOj>- 

I of l^oJixp) j ^ I ^3 1 a^woJL^ .Ajl^jJi [119] 

^ j j-SwJl /^o aJI>* ^Jl ^.LpI £-0>j O^ 3 < 0>L>iJl Q«. ; Jg,l 

4j^j . Aj^*<2j -laJL^J 4 il^Lcv^jJ 4 jt-*^>cJl b\S t JjL>»I 

1 »JSS‘ J 5JU- Cj5"^ ^ | ^ w ww ^ c3 ^3 4 Lj J ^wwV 3 

ol y& . 003 J^o AOOa aS* ^ j>- Jjo 4 AsS y>“ Jtf»Li» 4-la jLj 

0 p ^ 

L»*4 ^oj ^c->-jOoJl ^wv> P xJl ^3j j-li-O 0^0 L^ J 4 4_oU 4^j>- /jA 4 ^-JlJLp 

x e- 

JJ ol ol l A j is" ^*«Jl jl^So ^->0 (jj' t (<JjJJL>) 

(_£ ^J>-i OOUu/? ^J--JLp wO^Lsai 4 jlOjLoJl lLU.^ 4Jo J j wL*-j^ . 4 j L^j V Uj 

p ^ p 

A_^Si-w^LooJl 40 j-laj s4^->-i ^-OL^Jl Lg_*_l_P ^O-JJ c L*/? >1 ^*>1 ^-oU 
t ^-A>l joJl ooIjLs^? yA jJJLp wOool^a a^^aI ^oS^i 4oOwL>tJl 

i-L> A_LaLSij|j ojL^JI ^.-0 jg.oJl ajLo^Io 4 JL 0 JI 
^-O ii^UJl J 4 A_U J-i-^ y^J ^-».^->tJl Oj J Aj^y^iiol 0 U j-JJ 

oLj ^OwoJl ol5 y ^eJ AOL^oJI AS' y~Jl\j 

Lo-P 4jiil>txs Ox^Jajl _yfci| ^iaJl oJLa ^1 j 03^ . 1 0^1 iijLoJl 

> 

•JA ^>0 l5^' 


Galileo Galilei, Dialogues Concerning Two New Sciences , k ‘.1 (10) 

Translated from the Italian and Latin into English by Henry Crew and Alfonso de 
Salvio (Evanston, 111: Northwestern University, 1946), pp. 80-81 and 162-166. 
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I Is lL i ( j JJ>j! J ^2 J jS>tS3\ (jJJj liLa-Ls 

4_> jJLy*S i vdilj d I Jai>- *)\jJ L SsJ . 4-0 ^jjJ I j_d-J Ip 4 j jJLp* (J^ 2 ^ 
< ^-£' y ^> ja 4 i^ Aj 

JlP^wO U-UpJ .^JSA 4 ^UiL/3jJl i^-Ul ^yA 4 j-fc iilj^Vli 

^-l! ! ^I^JLA*)U 4_>^ljJl 4-»u wv J i 4jJlL-w-^ ^.dl d^ ^-d-dlp 

4-jJj ^Jl 4j d-oi ^j-*jI J-JL s 4JLL*JU>Jl OjJij 4 ^_>- J cl) 4 90 ^Jl J-*^2 j Jj> 
4_il jwLj U dj, Jl> . ^iSLia oLxjSI dNl Lo^3 jJ^j Jz£\ ^Uaxll 

^Jl cijLJlS^pAJ ^ ^JL-p (Jy <y* *>d>Li dlS* 

LdJj jtJ .^ J a.*.* ^Jl d^ j-dl o>L^i-pl jj ^jA j*_*_ol j-> J y >z - i 

4_*_Lj O^LS" ^>di ^Ld>u_d i— 4j.} 4 ^j-vu^aJ 1 ^lp 4 J Jbl jl 

dj j-S-ll OLo-*_-Ol j-J ^j-4 jJ>-Ll^ ^-JuOl J 4 4_*dl ~U! 0 4_> J^ 2 -* 

4»d^ > "l.!i 0 ^3 ^ | 0 ^ t *-*., *.•*. < ^. . 1 1 *0 I ^ I Jl-4j ^ 4 jJl 

y p 

jl5 J .Ajlju AzS jS>~ ( _5_1_1^ I ^_£-iJl -j j^t-aJl c-i^Liil 4J3...>|| JJ 4—2 4 _Pjj^ji 

(.(Nicole Oresme) ^j_jjj! J j-£_jJ j (Jean Boridan) oI-Ujj-j jU^ 
Llijl j c jJ^s- £_J^JI j LLL p jl-LUl (jL^xjwCoJl jLJbJl La-*j 
[ 120 ] ( j^sjj_*_<>J! ( j_Jjjll l l.^. «..„ .<•? o_*J_i AjolaJi a jaII. 4 _ij.lg ’. i 
Jjj-3 .Lg— 5 j—LJLp olj t ’j-T‘ (J-^ oLS” ^>tJl ^2 LI j U_^jL 

o ^ j^~ ^'^tJj J . *— J j 

^yAj 4 _*j1jJI o ji.ll o5l!L^.*i! pj c jj jJl (_j ^ji* <Ja>rJ -Up N jl 4j<3|jJl 
eL>rjl j-*J-^ j-’ jUJl U-*j dUj -L*j j la jJjJ Lojliji -U/a ^j jJl Jw4U 
<J j_sU jJl L)1 a-LilJUa £-22 a ji Lpjlj (Jjj/1 4 j15L« 


1 -.X..J 7 .'. 


l ( _ r ~Sl*-<Jl aL>xjjil ^3 4-a<jljJl ajiJi >LiJi Jjujj i iS” j>Jl 

j! L^U^-o-J Ajiiajwwa 4 . 1 . / »., P ^2 lU5L^j l 4-j^iJl a ^j»Jj jj jJl jj jj -L^j 
£~J>J l 4jl j j jiJl (j4»-j/ C— Sj (^J .Ujl iJ-U- j)L j-UU-j 


. 244 j 94-91 'j, ( 4 -Uj jj-jd! ( 11 ) 
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A-JLsljwo 4 JLS' j*yi j-Uj jj>z->s - U jL_wl_>t_j ^j-tjj\ 

A ^>- j ^jA i ^-j>lj J^LsToJ i I Jj>- 4-0^3 a jiil 4^J>- _5 O-llSj . y . U 

4_^>- j o-jliT j .,^1 _^J1 S jjilii o ^_a (Jj*y Lg_> ' — ijli ^^xJl jJlJIp jJa-j 

4_iL>- ^^3 JUS'bJLi J C^jjjjl aJL>- Jj>tJl ^ i ‘USLa-a jisuJl 

^.la .« j*y I ‘C*_3!_Ul a^jjjl ( j-a (jLiXjj/l ^ J. .s tfj L> <. ^-J-Ji-P- 

■*_*_ol j-Jl cti-J.3 ^4 _y-^~\ .is" j_>t_LJ £_3l»Ul j*_*_ol J_j 

OoLS'j t ^_1L*J| t_A.i_4>LjwwJ ^yt\y) i jjb Ua iJU-A ^j^-> j»— ® t 

jdJl a jJkUs OJj>- jl jjj .ajT^aJl ajb»*OiJlj jjijCJ aJua>- jJl a ^AtlaJl 
■ ^li Uaul>- J y>Cj 0j5\j La <UJiI y& f '^_^ ^'^■ a ! 

if cM^ ^ (_^1 (r}^ J* L5^-? 

J-aj ^^3 jJl t jj 4-^j! t jk ^jl 

^jA *L^>I (1) Jj-k^J I y\£ LoJJwP *LwJ>I <UlJL>- <JL>-jJI 

» •* t- 

I ^*-Jl jf ^ iS (J jJaJl ^y> LvlSCoj i _y*- A ■^ryi ^-l jjVI 

l l^Ly-Li tjL^-a'yij w\_«_t ^_J aj-& ^ 4»d-Lx>t-a ^S\yP f ^3 ^■■^■7 >o 

L^-tS* 4_j*ojLdl 4»llLa j! ! c..-d,y£ ^J ^^LS) 43 ^JLa 1 3^>* y^ cfJJ^^ 

j jJLll y-A I y3S jl -LSjpiJS (j-^J • 0 '^- c -l ( J~«-4>s_a ^J-Sn-JLi O j-S"-3 
I^JL*Jl j—~*. jiZ 'yi jJl j->-*-X j Lo j| J j^Jl jj 

k,^.>g_^_li <L»_wJg.j 1 J-j I 4JoIj L^jb j_>&j ^jlII C-J I J-A biw<>3J 
oi 4 6.J-A ^JsijJl 4 _^j>-j bLjLwdj .^_v^>«Jl 

oij-w^ou Lo-^JIwL^ L^ wa L^JwSo c j^t Llj 4 _*_>jIjJNj 

^3 bjJjL?*-i 4 ^*i| k. j\ ^i j viJUJLS' t [121] 

.L_*^ olj La La^ j***Jte 


Marshall Clagetl, The Science of Mechanics in the Middle Ages, : jA a IS (12) 

University of Wisconsin Publications in Medieval Science; 4 (Madison, Wis.: 
[University of Wisconsin Press], 1959), pp. 537-538 and 570. 
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> ft ft 

La |j_>- 43 jJLaJl o ^Ja-Ll a J_A OS J j-iii ^J_P <J jjil 

o jJajjL C. jj-o'il oLLj j^SLzj aLa-L*Jl LcJ_Lp 

a-Lol^ if* if j^yr ^yr ^ J-i ‘ LkL- ^ ^ ^ ^ J AiLLLJl 

LSv—aLai ajj^s ^Lp A,v o ,a.> OJ^Jl ^3 jjJa-ij i^lJjLSsji ol^XXjl 

.^Lf- LajL»- La-g—lS' jt_L*j| iLlL jaJj- jij .yj j_o 

L ^A jJ>~ La_g3 i. 4jL liLaLjjJ! a_Lp cj*)L*JL-al JjLa t 4J^\JCU«I jm \ JlSj 

Jiu cJ«Aj L*jSji t ^SL * (3 LL 4 j 3 .« 3 . > tlj V >~L 

^ p s' ft 

LiL*j^ a-saLLI aij L>- L»*L 1 ^iS”! oL i [,^>\ yj j_ > jj^p ISLaLajJl ^*_Ip 
ajjS> ^3j .AjL^j N La ^Jj Aajl /jSLoj Ajw 4jL»-v3 LJ jiyi ^ 

L La-jJj-SLww_J!j C AjL^v-LLSI /j- 4 al^p-l ^3 L-»L>c_i'yi ^3^>LL t^L'yi 
jr-i-Olj-j! (jl L*.iLLa a t ^LjjL J l A*JJt p-Lpj 

j*_*-plj_Jl LJJS JjLiL-l jL*a J-ij .La Lp jJ j_a ^j_JLaxJ1 

(_gJJl ^*-L*Ji ^tjjL A^aljJj aJjljJLa aj J-v2-> j i Lx^lj jLa t Aaa“}LaJl 

.aj^ j.,ri>lL LaLXjI ^ L ^ a La aJI 4A- 


^»JaLJt ^Lp jj-*- 1 j-aJl O'L* ^XLi <J*^I C?^ - 

LfJl j-^P t ^^at-aJl aLwxJJ ^Lli %Ju AaJjl 

.^_*_ol^Jl lU^ ^ajL/gj- aLp 0 j^Lwu La j^iL *iLo cjI-Uj! 

> * * (■ ” p 

LaUj_p aj|_ lJ L^-> u_>c_t Li L^ p^ I 4 L Ld 

^ p p p 

Ls<^^ J ^ OjL>rJ>sJl ^J| ^-^LJ L^* J I 

P . ^ > s' ft 

a j y ^3 1 Lfjl^ lZjVj jJLj*is}\ 0 *-«-l 5 jjj . Lai jj ^jLJl i$\jj 

jJl*JI Li ^a : J JAILS' t , Ua-aJI ‘U^-Lxxj'yi ^La^>xJl ^ 

^aj .t iilSx-a -L*J L> j*JL*Jl l)L t 

-1>|JI LjLL *>L aJ>- ^ g.tf.1 jl jt_L*Ju (jl LwLp jl ^JJLiLa ^Li t LiJ^ 

^ A^aLp a j y cJ^^LL* La L)[ 4 ^_jLLa 

is .■Lola oLia-*_aj Aji Ji a^LpI ^jl ALalS aj a-v2 a 4 J^I 
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{ jfi I j-Jli AS^[j il^l.-.la «_^J| O- 

fi.fr & & 

^ i >-l — P* fl A ^ ^w<— .1 •«— ~>r .> ,» 5* J} \ (1)1 l ->>. S' 4 l— I 3 dLwk^ I ^s— ^ m-J 

*Ul*Jl ^Xjl (J^ w a ^ aJi (1) 4 v^iJ.3 ^JuP ^ 

t^JtS Jj>«j 4 -X*j L*5” 4 LgJli ^^a Ajiix^-c-oJt &~La {y* 

Jj^rJLsJb ^1 3 j-flJL Lil ( JJLCJ ^1)1 (jl ciXta ^-A^l j .aj}}cj>tj* [122] 

*•! j^Jl jl 4 ^yj\ 0 ^Jl j-^-***^ ® ^Alii dr° 

« f' ^ 4 ^ 1 (^ ^1 pLaJ i 

L-Aj-*-wj2j ^SU <: '-2jLj C^LJa. * ^ l— sL*J> (JL>- -^3 4lUA2i cl) j£j (jl 

^~J2 -> <_£jJi jJUJl (1)U 4 \ j-^*jL> 9 (jj-So <l4 ^Ajj ^j*-5L*Ji 

j^-P-jJL Aj U 4 kJiJ^ J-*-4 j <jI <cij*-*-ij cJpL^JlS” l^Jb I io jia^o 

* 

.l^U^U; ^^5” ^3 LjLjJ i! y>^A La Jj>o ciLta ( j^ 


ol Lp ^jwJ^LxJl 4 ^ Llg- > - ^)L^>-J 1 oJ^-A j-y g -d - o J 1 ^-s^J 

. Ifjjuaj 43*>Lp 4 J I J^wj2j C^l-jg.X-oJl j oI-LaLaXw^JI (1) jj^Jb y f-Ld_*Jl 
aJ. • ,1 ^ ...,. /> .. ! ' 4^J \ i-\_^ LaIm^J i C* j -. ■ • - 4 , ^Xx3 

^fX-J^fl J-S-XwsX— ^ ^—0 Jr*r*rr&j C ^ ^ ? i I 0 J Lj>T_->t— U *Lj l w\_A j) i^.,*^jl 

oLxJJL 0 ^ jL^Jl A^-U-jjX a^=>UJI' oIJlaLlJI (Musschenbroek) 

0 «A-& ^ ( 1 )^ ‘ Aj l ‘ yr\^Sr} I Jb J ^ A*-> l-) ^ ' 

4(_^jIp 0 ^ ^j~^~ aIXiIS" JiJ jj J '“‘^ ^-^wAlSl 

l ^-y^l JJJ <. 4^4^] ^j]\ 4 Xotj AS l^S 4 (_3 J_^J 4 (_£l 

aXLoI ^ij jJ <«lJllJS J_*2ji3l jlS'j .•X?-j ol (J -^-* 1 *-*j-sl j-; ac-L^j 

p. ^ y p 

Ja.A- A>- .j ^^3 ^L«-< 2 j 4_Llw ^ ^2 i .Lj^? ^ 23 Jl l^ .«_3 6 

44 -j j-*-J 5L*_Jl olS 4 l^Lo (^J .4XjjJ>t_JI ( j»a aX>-L~J! AjjiS'yi 

oiji'in Laj 4 ^Ja-A-aJl J-& Lo 4 J J-^-Xa ( J_ l ^’-i } ) 

A-l-vaJl oli cj\jj^ 2 jl}\ ^_a> Loj 4 ol 
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[123] 


* # f 

jA ULi l ,*_*_> ^ I jj $ ^s>- j-y$ . L& j -w^wogjo 

,4a*L5o ydJ) yj j-JL^Jl L^i 

JwJ a yliJ! jlS UlA j _ y^_~_<LJl j-iwoJS dAJS ySLJ j 

oLaJujIjJli . ^or..^j (ji Nj 4 JaJiS <3 1 ‘USCoj _ a j-a-LII 

4 L&jLu Llj Ld J 4 dUS y« *idj J .U*l>y?| y^bji ^v-L-Jl l_£A»t>i^y2J 

j=Jlp y>1 jjs illy! ^1 tr^ LlyJl <jpL*Jl j*-UJl <lJI <_pjj ^ 

<. Lw^j y>-l a* dj^Uo LajL^jI jyj aJuaj .L*ajI oLj'S^I <• ^2 yJl 

. ^ a**aJ|j ^-*^AdL) 4 ^ 1 la . '. . *>r 1 i ^jda 4 Addl ^_jd_P 

c 

j}\ ^0 ^j_j j! ^jS' <=- 1 — — l_^_J I Lo LJLp 

L^jU j-SC« 4->3j {j** C 4jLL>» <W2_^Lp ^(3 j-Jl 

oL_aLa <_yj .l$J Ja- ^UxjL Sy (Jj^’j <• fiJj J_>- LL J la ■ 

yocA dA-y N J . ^ yJl ilL?- 4 <L-vaJl ji yjdxl! y>Lj 4 (_g j->-l 

dJ L a ^_p ,yd I 4^~Ad>tJl 4d>L*A>_Lil ^d>L 4 i( J.-—.--, s > n I y^Lp 

4aj—j>Jl ( _ S ^- Cr d»d*2 ( jajJj>JI aJ_A JdA jl ^*aj • djd>- ^_*-jiljj 
yd! 4 aJLA k'J-oJl CjI yaUaJlj £_S yJl ^»J_P CjI _y>Ui y— 3- 

^!y>-L yy>- j\ ysiada isLjjl ^Lp 4 d.., lyl 'dl 4 ^j_i_ 4JI j^yol ^db 

#» 

yt> 4 dbta y> ^-dj .j-*a*oiiJ! JL- ^ya L-J iyL-sJl dilj' y« AwaLd 
y« 4 _«JL>ua LsJj>- lyJ j_>xJ j a ^J>Jl diL yo 

* f } 

.ydiSL jj-wJ j LdLs Idd Jaj Lo Jaj a y>Jl 

ad_A (j j_SvJ (j! y$L »_ j L«_P 4_3l_d>! 5J j-*AJ ( _ ? -Lp (J J .-»JJ J 


Subconscient intuition, et logique dans la recherche scientifique : j la 11 (13) 

(Conference faite au Palais de la Decouverte le 8 Decembre 1945), Edited by 
Jacques Hadamard ([Alenfon: n. pb., n. d.]), pp. 7-8. 

JaCqueS .' <L . -.,ial-j j)\ CL> d — !j 4j| j — ~C>~j jj> dL-Aj 

Hadamard, The Mathematician's Mind: The Psychology of Invention in the 
Mathematical Field (Princeton, NJ: [Princeton University Press], 1949). 
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l j LJLp j c j . la .ujl t ^^3 LZeLi'^JiJ>-')l \ 

“ 6 (. f. 

jj JwpbL; J^-SLa C->L \s *~oJl La 4(jL-»>lj .^Ail^jJlj 

L» ^Jwq (J j aS Lo> . ^ * *.« i ^ ^-uLijL>t^J I 

Sj_ftLli lSj-1 Ol -^-*— 1 t I C^->-LJli 

c^-LJl ^U La Ij^U LI t JiVl ^-1 -p ^jLiLo jl) ( _ r ^JL 
^j^Ul CU3jJlj c <Jl JJD (^JJl ^ j^UJl ^bijj'yij t djj 

SJ jJLo t aj j_SLaJl cjL! jJLoJI d-_ilS *L-Uj . j LlL>- 

^3 AL>=-j Jwl_P ^-L>-> *> j S/ 1 ^-L*Jl L^-S" 4 Ja ^ x jJl A_a^UL« 

1 l ^pUJl v J .«. p*x^j 1 ^ I ^ w *” v “^^ 

JJ 23 .^sL-JLp ,*LL*JI L^J^S”! ^Ll! a 0 ' L)l 4 cLLLli 

^Jl C^>=J( S^LS - _y>-l JJj jis2J lLLS^ J^3 JlS J _ 4jjJ3 Oj-v2J>xji 

^>rJ>eJ! ^3 ^-L»JLL jLaj A^J>-^ L^Jwa C->LLj O^LajVl 4 _L^Ls^ 

^^c-^cJl ^L-JLp ^1 j C _2*-i Aj d^l C^Uj 'V I lLLLL ^ 

^J_P 4 a y2Jw»Jl J-<asP ^ LLUaS'^ . AjiJjl^o Aj JJ 

* «■ 

CJj_JLp! -LoljJl 5 jjJl Aj^Jajj i j->- Ja^jJl i A^aUaJl ^>L^j>-'yi 

j-J_JLp oLil i. " ■ g ■*- J SJljJj>tJ| 4 1 jJ?*>liNl j i A^jLj a jJallla <5 j4><Jl 

L j k 2 4 J 1 t,. C *,&''. j c Oj dJJ-Uj . 4£\.>sAJ 4 j Oj [124] 

t a A_* C-JLS’ j > ,lg.a..a k5J_?-ljJl ojij_XJk Nl aJuaj tiujijJl 4_?-lj^/lj 

.LJLp ^jj! jj L* j-^oi j oLJa^-aJ! [j - - A 11 I 


Thomas S. Kuhn, «A Function for Thought Experiments,» in: : j ia i (14) 

Alexandre Koyre, Melanges Alexandre Koyre, publies d l occasion de son soixante- 
dixieme anniversaire , histoire de la pensee; 12-13, 2 vols. (Paris: Hermann, [1964]). 

Alexandre Koyre: Etudes galileennes, actualites scientifiques et : j h il (15) 

industrielles; 852-854, 3 vols. (Paris: Hermann, 1939), vol. 1: A I'aube de la science 
classique, pp. 46-51, and «Galileo and Plato,» Journal of the History of Ideas 
(Baltimore), vol. 4 (1943), pp. 400-428. 
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j»J C< wLp'iH C £-3>jJl .j^lijJsjL AjLLjOoJI 

(, ^ p 

jj* >l^Jaji <o—> iS 4 ^-JwJLp j-> . L^j ^ w-LLp-^! 

t U <w-i%5o .4 ^2s>x3 Lo~« \js>- 4_o jS: ^ylyJl 0>lS ' j>~ ,Jda 

SjS jlyL&l <l)b j-J-JLp oLioSI i ijl c L) ^Sb L> 4JLjJa-> 
^Ip oLS' ^jJI olioS^I y& j 4ijjl^Si yp LIS’ iUi^s ^1 yJl 
y-P O^y^L^ ^ lo!^ 4 *d*_L o\ ^-wLoLp ^jA ^bJl ^L*_)l 

<JL^>“Li ^J\ O-djb o^y>- jA yXj ^%-J oJ 1 j&\ jJiJl b]_ . 4 jLL jj 

(4_*^jaJl L^sJ-iJ IjJ dljL^S/ $ Jj>- j N 4 ^IjJl 4^yJlj) 

,^-JuJLp ^Jljo L^S" c y>t^>iJI ^ y<>J ® j-<-^ L>> 3 j^>- Li o^tS* 

j%J y-wwla-ojjV I oV 4<JL>cJl Li j-^ 5 ,JioJl Lita Oj^Lj L>ojj 
^ i pj 4 Lita jIS' -Lis .3y^_oJI 3jL>c_>*Jb v >d o^Lbitoa I ^i>&-^o 
1 ylS y>w*-L^*> j 1 <LoLp j-*-P i ^- aLL 4 ^ ^ ,o, * o) ^ j^L-*jI 

^jA -L? o j_AiUi ^.a j i - L -^j ‘ b I iiUJ! IjLlsL Ji -dSLiL 

i>t-s^lj 4 L^jIS 4 4jJ jJl oli*>L>Jl oils' J 4A3jJL> j+S* £tj| jS (jj^ 

* p, p 

^y I j_o»_) <1)LS^ i JajL^Jl jj>u>sJI ^^y <lLoLj ^y3 .2 }Lx-*> 

oJup a! j^>Jl oL-uUj cols' i-iU jJ j ,4*J_ojlJI ^y t «JL>«Jl 

Lo_A ^ i 1 A-4PJ! OwX^oJl^ L A3- j^ ,] g . g^ J I A^l^J 1 aILcm^JL) 

<. AP j_^Ji ,1a «*i v oVl co Jj tjl c_o»tj lo 01 a>*JUj (J IxD 1 0 Lx— L^ a 3 l 

<1)1 I^LlX-^l c jJa^jl (_^lj JujLo_o ^->t_) ( _j-l- e 'J • AP ^ ..,~-ll 

AiL^oJl <1)1 CO Aj A l a- A i ^J-L 1 <_^i Jaj ^j3^Lo ^>b>cJl 
Ajaiill ^1 AiL-w<J! ^yo a 5 y>Ji Jl^_j>- Aii>J y! Ai*^L*Jl oil 
tii-llj . aS yrJl Aj1j_i Ala.a .1 yo AiL~oJl C.^.»„J j c AoLyJi Sj-J'-Nl 


Kuhn, Ibid. : _Jaut (16) 

Koyre, Etudes galileennes, voi. 2: La Loi de la chute des corps: : lo )l (17) 

Descartes et Galilee , pp. 7-1 1. 
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4 WiS* ^ia,*-a ^aL«l ^5 ^JL j_SLJl 4_^^LjLll ^gjLygJ>xJ' 

LL> jJaJl fiL_& ^^uj^LoJl JJLil j**P . ^L*-a Lg-Ja*j j a JJ-P 
'kJ*y>- oj ^3jJ! 5 ji J-Llaj L 4 iS* ^>sj| ^Ji jJajJl 

.ioj^- aj j j-v^jl 4 jj^>- 4.aia‘...a SwLJL*j CU3 j£* Lajl oXJLp 4iaL jjj 
S j_SJl LDu {y* <oL~iS1 ^bjj a _^JL ^JlSI ^>t^Jli 

iS*>\_*Jl olS <Lw>LiJl *w?L>eJl oL 4 IjJ i»ljJl a la A) ^j_p J_*jL LaJ-S” 

.Laj^j [a ^J\ L^jL^a*- c 4 lai.'J I <LLL> iiL^Jl k — jLwj>- ^a 

^Ji ip ^.vJi ^ j, ^,-tf -o 4 lll iiLs^VLj 

Ja-^j c j -JwJLp 4 Lj»lp jlij-*-j Lx-wal <1)1 LlJ La ^jj^j 
(J % >L>' ia&Lji J_aLLj laJjP ^Sll J . 4_J^y I 4P ip^-Ll 

4 ^al j-Jl JjLa 4 4 JU 4 <C*a I * j>* (jlj J s4?.~il ijl j-A jjl j*_X«ol ^Jl 

^.«_L J Lp ^ 4 J A^»S*L>Jl j_s j 

^jLwO vjLj} A_S* j->^-i JaJLvJ OjUr^Ji l)"! 0 j-SLl> I Jj>-jl ^j_jjj| J»jI j)Nl 


( 1 8) 

^j_s^a Lla J ^p*" <Sk -^d j-ia-> J 4 4 ^JJ^ ^JlP • ^-IsLLLa 

« ^j— > L<>— ) 1 ^ ■»-« <■«. 1 ^ jp ^ ^ ^j -s 3 i ^ ^ x-j L> J a .* i ^^ a 

4^0, .la ".‘_^Jl oiiM-jJl A-SLwJj ^^j-a ^j>-i ij j-^aj i-» j-lajJl (^LLj C-oLS" j 

4^> .-. la 1| ^J_a ^wLpx-a j%JLp <J jLjLa ^3 0->LS* 0 Jj-L>xJl 

I jiajJ .oj ^U-O J j-i_Jlp L^.~Lp Llj CjLo-ijiSjJl 

Ujup Jljj V oLS” tjJUii diiS ^ J~z*-t oL< 4JI ^J\ 


uU tdJJi 


£-*J -c5'j 


La 


^Ij liL«J 


C^- 


ol 


, ^$^yj ^ J jUj>-^ I -Ij J < J 1 1 1 I < 1 — J I J . JU \^ / 1 ^ ^ J . - O -.J I 

. jla ^> jjI 0 j^* 


Clagett, The Science of Mechanics in the Middle Ages, chaps, iv, : jJ *. Jl (18) 
vi and ix. 


[125J 
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Ij-£j o j_SJ JN bJl U>tw?Ij 1j-^I ,j-n*-J 4 L^-J ? j 

^xJl (J^\ «. ®a a ^.JOl)) ^J^ALII 

4 L^ ^a>c 3 A_LP 4^o. Jg ~ AoJl l^li^UJ b^-^AJL Aj>- j-> 

c- fr 91 

^ ;^t_s^lj j»o| lA_Aj 4 j^-xS-i <1)1 Jb N ^_^ v yLoJl bi-l-AS ,L*j^JL> 

^ <J U-p Jj-SJ L° a^jI L^aSsJj ioLbj^l ajL^IjaSI 
^js-cjiil a j-AJl ^1 ^L>Jl ajLJ2_*_oJ! ^.p L^ax^- a^Lp UJ-p 

^w>- 1 ^ ^^Awwl Lob" 4 <JA>eJ( £jLl> L^-a 

* 

4 L^-A *)J X>J 4 4-*jba L&^)LapL> C j-^b_oJl a j_^>Jl /^P ^IAaII 


j*JL*JI L^jj->c-> ^Jl oL-^LJiil j ioUJl oLU^Jl aa-3 La> Ia>-Ij 

U ^Jj J-J->aJ 1 ^^3 ^ ^3LoJ I Vw^>-I ^Jl bj^bb Lo-jj jl .0 ^3 

<aJ CAL>J..L?-s/g -<*-> 4 j ^L-SJl 4 *yCA*3 .jAoLw^Jl ^1 a*_<JI A_*_>1 

^j-jUsAaJ A-o — 3A_>~l_j 4 — i — X — J 1 <J j^bCj bo— >J_9 4 A_obs_>- CjlA^bJAa 


VI y, .^JUll L> la ,** yj a^SL*-* ^Lp C-> Lp LJ aj *y I 

a y £^ *j * 1^.9 a Oj^i A, a W.'..» i jJU~j oi L*l^L*ao (_J jJaJl e-iA (_£j*?-lj 

A_w*^a>- CjLSljij -l»j_iL**Jlj ^y\ j_Lll <j ^-SL_> V l g . Sj _ i— i i ! 

[126] a^XAslw! L* j£ jJ i>t^£jl^j! CjI— lajioJJ C-i*)*ujL jJj C 4js1xp-i*o 

■jrtr* y^- 


A y>*-A oL j]icS\ . La j ^a-oL a-j aIjU a — v-j-Jl a j-y ^ I J^a ( ^SDj 
<US j^<Ji jiajJl 4^a>-j (JUJ ? <C_^a <oLvLi«^J L>Lw~iNl ^w 1 ol j mJIj 

a f. * 

^_Lp 4 Oa oA^J _5 4 a^j^aJI a-a-^LaJ I OAJij I A LJLp ^a]I 

4 j jJaJLa JjAj 4 ;L-P Jb- ( __^J ! ^-b ! j_a j 4 A jj- 5 ’> — ->lj->- 

4 ^°J • 4 -J^ ilbxA-ul k >b>tAw^ ^bUj jJiJl J /j_P A>-l 

C->^ljb»*_4 JJj 4 JL^3 ajj ,«/?.,! L^ALb j AjO L^U 

jl>c-<3 ^~Lo 4 Aj^L-?*- bblAjiiLAwO 4_*J Jb-^J jb ^j-P aJJAj 

Jp>3 
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^ oL-LiJlj oLL-*j! b\ 

ol y_ b> C-^J ^Jl» ,_jA Jj u j^->Jl 

^ p ^ 

LsJJL 4l>cJ ^J-io iji lLUAS" d^v-J 4 ^3^1 ^-Lp ^j^wJ - ^JL*Jl 

y >* 

4-oLa Cj| 4 (_£ 4 L^jl .4 _aLjl!| oJ_J? jJ (J-^Jj !-)-■>->- 

L^.yA> t iA) (1)1 e_aJ-£j L _f&-> t iol-Ujl JzS\ OlSlj.il Ijp 

„ f. * * 

ipLwaJ 'L^> jb ^ yy y J^y W-^ ‘ia-^ UJb Ua^i (j^UJl i2->^xJl 

^_*_olj_JL <2 jL~uL2sJS_j o->U-»-*J! o|j .(J jyi-a jJ o 

s* p 

.Lo^>- LfrO vOJOjM ^lil 0 ^-dL-oJl 0 ^J>sJl <\J* j_d_Sv_J ^j~o 

Ui> j-^j .oSl^Jl aj jd^>c«oJl oLi-<»-*Jl JS” N j*-L*Jij 

jt— *-ol^-Jl LjLl^ aJl-s^JI ota ^-^loJl <SLL> ^ — L_*_J 1 ^JLxds c *JlLo 

i* ^ 

Jol^Jl j ,Lj^>- l-L)Jj>tJ j*_*_ol jJ 1 JlL).i b*0O»- ^lil S a ^J*Jl 

aj^Lo ^*cjLdj 1 )jJjoo AjiAd>c_<>J 1 ol^_*->,il j*j> 1 ^Lo-Lp 1)1 ^a> 

IgJ a_Ls^3 'V ^.*1 j-*-^ ls^' ^“6" j ^1-SLll o> LSLl IS .diljL>t^i 

l)l-*-0) 4JLL*JL<>Jl sOL«~Lo^*Jl cd— w-J 4 lLUaS ,P^_la_Jl Jg jJ L*Jl aJLpxj 

OJj^U) lILL-S 4 A-rO^la.l, * ^ 5 JJ-^J cr* urr^ — l y 3 ^ 

■ d) j)~ -. »> - jJ-nJl jyjJ^ A J^5l Cj1^v«w« ( j^a>cjsJ 


.-L*j j»J U_> ji 4 4-yaJli- sX*Li^a Jl iU^jJl) Ui 

Li_«l ciljj N ‘ ojl^Li i_s I j^_i oj t 


0|__j ^3 <j j la » ^-<>JL*_j iJi^o L>«J I IJ^ss 

V t a ^ wbS ^yAljlJ^ oLL^ 

(1)1 J^..laj ( JjNlj dlzb\ (J l Loj I^i-lj j*XAj 

4 <uil)i>ty4 s-U-il 0 1"6-*1^ 4-5wXJl olf-Uaj'l/l 1-^-1 dxr^'J 

4^5s_— Si oLf-Usu! I A.,^-i 4 (jl (j-'— ■> ^ 1 j y+0 (_-_Laj 

^<wiA)Jl jt-1-^' f '(_?^^ ^~iji 4)1 Aji)cbtj> 

i3 y£ * m 1 1 ^ (*S y^~ *3 ^ 4^ 1 1 ^ >c^-'o_! i ^^.1— £■ ^ j^-^1 1 ^j_o 


[ 227 ] 
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. o I J-A LJL wqjJ <l*J J o V j L>w*J I ^jjLo 4^jlJLo-II 

LiUj> 4 jjL>- <J^L>wO ^1 ^%-J (jNl ^ 

^5Coo olSjJu* 4_*J /^j3 j > — jI I 

cijj^ ^)i ^ ^ "V i Oois" cij'y jU^ji ^js*^ .A^>ip o j j) -.■-? > 

jy S^-Lp Sj-jL a_L>-lj <Lwm»I_>- ^y d5 yjLJ vJ-L^Jl 

j*-Ayl jj 2 jJ>-j < jj& ytatJ 4 AjIaJI JJ-a 4 .aJjLsx^jJI O-L^J A^-G jJi 

4 ^yjJl i lUajstJl jy Lo (■ y>- jy jl <L>jL>- A~ojp Aj j]kj jy XoJUwo 

.A. — *j»j| A^flJaJwoJl j~£- Cj!^ yLoJl fS jy y»u ijl <J_jL>=j j»-i 

t_jliaj>tJi JjJaLCa jy ^jjj ^y Id — aj 4 jyyc— J! IJ-& J_i j 

|j_fti jj.il ^j^ydl jl j_y jJ— ' A—t ,j— Jj .aLa.L« ^-jI— ^J) J— 

— jL*JJ| jJJj J— 3 - Ajj ^y l^ywLi jl .AjuLlaJI jjj>tl««J £-yJI 
4 A^.. . lail J y>- obe yjl jr« ^r^ 51 - p- 1 -*- 5 ' 4 > ^ 

4 I AAj >La 4 yJl oj-* jy 4_il y>cjl J y*txp- Aji>tJ J— aJ| ^y jjt>eJJ 

a1^> j y (Nelson Goodman) jLo _y j j—J-J <_£lj jl^ 4 JayJL 
: Jli jy- (Structure of Appearance) a yliaJI 4 _jj : ajIP i_j|J_#>l 
j^l jJaJ\ jy] ySl jA U> j_^l j 1 • -«il (_£_LaXj jl jl ia>cil jj^o- jy j)) 
L$J iy>-j jl ydl Jl*> oVUJl o jjj jM [L«oy»-j v_5jy«^Jl 

jl 4 IwlSj*. j / ' > (fAw2-aLc- a^i\J JJ jl j r £j»_aJl jy> jLS" ^^j-^lj 


Nelson Goodman, The Structure of Appearance (Cambridge, : j ia _Jl (19) 

MA: [Harvard University Press], 1951), pp. 4-5. 

j oLSw>* (jL5" 1^1® ! *■ 4_» J— ^.. JL JL *. I ■Xj* 

c % ^>j 180j 175 j~j l_4 dy}t c 1 947 flp c (Wilmington) 

^y-ail j 1947 ^L*Ji ^3 o ^ co tlSl_ <. a-* j-«-J b 

JI>J1 Lol . . . sr ^L” oii^u ^ jl SU^j 180 j 175 ^ U oj, ^JJI 1947 fUil 
^Ai 4^yi>-S!l Oj^ ^ -bjb CjLiv2Jl o-1a ^-b»| OaP *^ > '^ 

— J Sypp j ^_1P Uj ji ui LjS^ till? . . .“J 
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4»*J 


jj j UL L) 1 


4iUl5 4 UJL» J-L*-« j%JLp l — A -V^J (_5^ <> j-via 

. ^OpI - ij. .x_o2 i ^ S' A _^ ^ AjiL^P- 

SjiiJijl 4_*_iJ] a cjVl ^ ^ ^ ^jJ^-m-LaJI 

.dJJi 

^ LaJ^a C} jA>*a aUJuJI ij\ (jii! l)I tu5j>j t i_ij jJaJi oi-4! 

Lo-ljj) ( j-llj_Jlj ,' t _w»tl_v~S'_jNl £A jj_L>Ujo Us.i_2P t ^-^-^A’jLo-a 

^_^_jj—_ >tJ A_*_^L^Sn oLi L^_il ^.Lp (ol_jj oijJUS 

(.AiliiSlj t (_j ^ oJ™w>tX<Jt # j^>«JJ a>s^S’j .o jJuLv^j! 

^ ^ ^ i# ^ 

4 ^5\Jlj L ^Jx_w-a L>JLp IL*J! j*JLp o^j t ^.p 1 ^yj>-\ j 

y j. p*-\ ^L-v^-ljj c j^>jl d*>LaL>eJI^ c i ^>>1 ^-Ll 

^ p 

(l)Li 4 0 jo*> ^ww_>t-Jl d^L P J-A . Lyg.j I oJ— & 

t L<>_^_^L$' *Jl 4 _vS1^*j ,^-Lp ^^LpLJ ^ j^ 1^ ^j>»L^d^Jl d^ls-l 

jtJaJo LaJdP jH L>*^j ® LL/? o 0 j5nj N dbJila OUL^l L>_& 
l)I j-j *y 1 j_& j ,4>*^L>sJ 1 dL>tj jJ>-N i jl Lo-^Jj>-t ,*-JL*Jl 

jwLd ^dll c.-L*j>- ^Jl V I ^ (Jl^iJl ^Jwww- 1 ^.Lp *• d"*^ ^jI 

LJa^-N jl (J-^ -V3j) .JX^-a ^J>\ j^i L^jjj ^^Ip p-jbJl 

0 4 £. ^ £ £. p. 

djxJj . (Id-la-) Q? ol jt-^-5Co_i t jj>-l ^-o-Lp Jc>cji^ ^Lv2_p 1 (jl 

© j -J>~ ^iJ-L^j (jl *)l y^-A c^i l£^"^ j»JL*Jl oI 

jjjjij • i_)a\ J-> AjJj Oj^i- ioljJLii t ! J_^ajl i«L^>- 4 <_5^ 

jv-*J.l!jJ (J*)^ jj-” ^Jj 4 ®oU® “V.JJ >d 

^ i< 

.^>-1 IjdwO ^>t>tJi ^wj 

p p ■* 4 

*j/ AjI I^Jl^>c«o U J_5”jj U> lil ^-*5*1 0 j^^/2-J N jJLX-A iwLfts Jd 


4 ttdJjLil!® dLli tjlj_*~JJ A-aJp jS- jJ >- I 

, ^ j Jl L« p o 4 Jj>- ^ij Ol /^4 >s.<4j ^j^- 1 4 


[128] 
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j\ iiijJaj ,JL*JI 4jjj jJlJI ^y> N j *LJUJI 

? * 

jii j\? l j r a oL>L- 4 (j j-Lyg-dj j *}LSo Ij_l> 

4_> O ^S\J LaJ-LP ^ J 4 O ^J>cJ| 

s' s» 

Lo ^ ^Lvil _yZ^S- (_sL i'j'Jj) _ UL 

^Lp L g J L .«l g .j ^o 4-oJS" ^JJiXj ^LLLaJli - Jj*X^- d---o jJ 


jj^ij i LaUa^o Jsiia 'Ll <u>! ‘Jl pJ oUVl j*-^- 

j^S'jJl ^j-vj (^jjjl Jl t <L^i_> C <LXS-J .<Lol 

^-p L& j - ^ S' jJl^ ^jI ^ '■’ ^ ,; ' j~*~\ Ll**-o^ ^ 

#■ p 

4 4«jL*_ 9 jjj 4 4j_*_9 3j3j 4 ciJJ JJ Lj 2_J .a j->o oJ_>-lj 


^_>c_) ^^LpJ> 4>»-lLp ^j-O 4 ^j-^J<JL>^ _ <3_j I .jJllA-O j) 

u ^^lJI ij-sAij ^JJl ^LjI jSLj jj t JjU_0 

Lo jl ((<^5* ^^*-o L) j-o-L^i> <wJiiJL> 

^.SU ^4-^-S" j-S' ^ ^_l*_o (l)jj_*_*_j I j^LS* 4 ciJJ^ /j-o S/ J— > . J 2 JL 3 
O^iLS* ^JLp ^3 O-L^i-o ^3 

[129] Jp.JaJ ^jis-ojj Lo^ 4jiix>«^o 4 jjj 4 IaAp-j ^^0-2x 11 (j-^J *•{£_/ 

* p p p 

NAj 4->JJ <1)1^ .A-2jL^JI JlIo^I (^1 Lg_il3 S j-XaJI 

o^j>- ^jwo Nj-j ^4jj jl 4 o jjL^w >- ^ ^JJ 

* * * p 

(wL>-lj \^J^T O-ilS' 4 f'fjb* !l Js? j-i-wJl ^j-0 ( j^tl jjJl j j jl 4 l)wLJ 

** s» 

J_ftl j-laJl 1 liJLp j^JL*Jl 4-J JJ ^jJ-SCJl (J y>tSS\ ya Ja_ia 

.ykju - JL L^-va_*j Jslo j_oJl 4^Sw«LXjjJl jl «UjLj j.,^..$C!| j\ 4 jLwq_vSvJI 


.4^ij cj jJ* ^ 0 tlr 4 4 a-»!j ol>-Lws iJ^>sj oUiJiJii ^JU 

4 JJU c_4j j 1 oLJ^JL ^2^J>t-0 ^_j3j ^j_P 0 ->c-J| ol J-^ 

.lLU^LS* e jp^>tJI JjJL>cJ /%Jo l)I -L*-> Nl L)l ^ ‘W ? L>- oJ-aLLxj 

^3 oL^LJgJN \ jl oL-aiL-SJI ^j_p JL^j ^xll cjj-wvJ-ui]| j! ^JL^Jli 

^*>1 j^>\ ^ ^SL^Sj 

^ s4 S* p 

4j|^w*J ^ (jl3 4 cliJ^ ^Vj-o ^ Jj iLslaj 11 ?^j 2_^' (_^lj Lo -u Lo j_lp 
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A^ U. L * 4 jj yp 1 y 1^1 y . £j~xj ^ -A-wJ i^?*“ 

V cJ^Ni ^^Lpj .aJ|j^« *4^^ 0^^ tAs 4 ! J^-° 31^0 ajUj 

. ‘Lwulj Jlj^Jl jJ& (jjiO Aj^ C L^^vjSj AjLjJgJLs A^Lp AjL^-N! /_j-^-^ 

o^L-L>-p jl 4 a^^wJ* oLpLJ^jU aJLL*ju>JI aAjl^VI IJJ 

^ p- ^ y 

ULp>-I 5 Loji.} a_pj jZ+j* aJjl-oI L^j jS 4 «u/^U>- a^ jZl>^ 

y y y 

AjL^iaj L^So J L*y-^>- A-*j J j2j LoJLp ^yP yji-i L^-sl *)l J 4 (_g^Lp j^P 

^J-P /j* Aij^l 4_iJjj All^Ni oJ-ft Jju ^yl^Jt yo . AL^*-o 

Aj>c^> Ajlil>cya Ajj^I ^JLLoJ 4 jj SjPyj < ^Lp J^-Xaj 1^->V 4 ^^Lp 

4 4»*_£LwJlJI oLpLiaji jMl j-Lo Jp^_;J 4 J^2>iiJl ( Jl_a j 

a~~>- ol j-J)j^ *JUJJ ^3 jj ^iJl j*i>z-o^\ LlaLijI y*jo->rzl j 

(ji y J3 J (jl ^ L^\ yZj 4 a]pj\ jjS* l^-l j S p_Pj ^ A-OLa 

c-i-A ^JiLo ^ j-^ s -* J ^J-s^->gA jJ^Jl 4 j! j^SjJ 4 C^i ao - 

A»woJ_P 0 j^J (J J^2P>~ J-*-*i » vJJ Lju ^ I ^ Aj ^J^>c»<jl olju-^jl 
(_j ^ ^ ^ jr'^' Aj±j wLaJ 1 1 ^ c . Ls»*> Ly-^- 1 i i_y ^ ^r, . « «,ip .t 

t^JL-U L)-? ^J>c_^5 , jVt ,^-Z Lgjli ,yP jP>xJii\ Jj-Jg-J V *- j-<JU .(jJ j->-U 
^^jJi IwLfc CIaI j^XJ <1)^ •OjZ^Py j-ljlJl ^*»JwA-P a! 

JJij Ojj^Jl J^*-j J_^3 4 JjwlLP (_5jJ (1)1 AlSl^i L^-° 4 j»JL*JU Jjjl A^is 
JlS (JUJi dl ^ p-PjJtjj 4ciUi Jl iiUNLj .aJIS jJUJl J\ \ >U [130] 

y 

jyii*y j -oiJ j^iS3l jli 4 jj>xj Z LS ' L^La^ux! Oj^j 

lilii ^y> JJj -J-r 5 ^r° 4 JUj 15 La5" l4JU>- (_5^ Jijj V cjIj^I 

^ 0^^ Cj^°J ^ Sjkj Lx j*A-P o! 

l^Jli ob>jLkv2-<JL c-jiyyjj ,,. t't oIji^fLi ^Jl oLJLayJl 

Oxi— La-^Jt ej-A iSJ .oj^LU ^jL^^JI L^ -j g l ,.«x d-oLS" ^xiLS" 

l^Sbi ^ jl jJL i^a^vp L)j5L jl j-^*ijl <jU c4»iLJl 

y y ~ g, 

!>LL« Lr^J to'ifl .a^«^»cJS aj^LoJ! 
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Jwo-P \Ia/9>sj ol j-Jcj! ^j-^j j-Jl ol 4 1 j-j>-lj I Jj Jj>- 

jl SwL>-1j} <LwL o-P jl < >o 4 4 j ^ j 

*> 

4->-U i <• 4jt««ia.Hj Jaj^j IoJUp c ^~v2j 

4-wL«-*Jl jl id-Ui 5iL^\L> {_£ jj e_i J^J .‘Lx.^1 a H ^Uaj ‘UaJlXax^ 

.4jlii>w° 5j.iLa wbJj»til IajjJ ^jS SjL>-I ^J&ju <la_>JjiJl 

j^-tfji ^ JjJ>-jJI ^Ij ^1 p J-aLlJl Oj-SJl j*Ja-*-» (_$X« ( _ s i-P j 

tji L->j-5-> 4-Lal_j> a j jf - 0 j j j_ojj_j')/I 0 -Lixpl i j^S- ^Ul 
t^ jjL) ill «^L<>jo a^L^-wSGI ^1 jj'i\ LgJw* i—iJLij ^iJl 4-J jVl cjIjAJI 

J l — flJlJLJi ^JLj <^j2J*S\ aAsJ% ill 4 I^L£s-&^ . C-j2_1Lj 

j L> A-o jl L« ^LS j lp^I Jij) 4_v2->jJl oL>-w^- 
^1 p I^LojipI^ j-*-^?I 4-J^ 1 iij L<k^wwwi>- ^j_aj i^gJLo L^_>l3 iij 

^JLJl jLji ji) ^^2-^L^tJl ^^.3 a ■>,^„ g.ll jLji jLjk tl^jij <->j la,‘Jl 
oL^> jl) a ^ a 1 \ ^^2-oL>Jl oLwvj> jL (pLqJI 

aJ 3 Ujl^J I ^ yJL)i j-^l iIj .>- O— j-L>- ^Lowl! 

^3 ^y>L>cjJl jj j*-> • J^l>s-<»Jl AjI^-oJI ^l^yoJl o j-A 

jt-Sa pi ^jytfLoU-tJl J ^UtjJl ^sJ I ii Ul jV 4 _sAa 1! 4_v2jiJl J ^L>c_4 

jiJ o^iS" (_£ ^>-1 jj&l jJs> 1 ]Laj .4 aJlj <wa]Ii 1I ^j- 4 

lloco UU^5 L>-3 ^o-) LioN i » — flJ bJl 4 j ^ laj viols' JiJj . »~,Q > AijJaJU 

jl Sj \ jJlS Jii j 4 j J^s* j jja Jl ^ ^L>cpVI lS L& 

( 20 ) * t- * 

UL>-I I L^al 

jj 3 j] is^>L»- v yi J-va-A-i (_gJu! Ja_>Jl C-_a-^j <_iJLlJl O^-JaJ l)1 j->-£- 

js~a jJLo 0*->wy^i d^i-^5* ^-aJl A-oij^jlil 


Helene Metzger, Newton, Stahl, Boerhaave et la doctrine : j ii il (20) 

chimique, bibliothequc de philosophie contemporaine (Paris: [F. Alcan], 1930), 
pp. 34-68. 
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t jXvS' Oj-iil j^Lw^-sSls .o j^Jb 

j\ (,\f- y*0 J)\ C ^cJLXj ^-d^P d-o LS” LoJJ^J) . C3bJ-9-*Jl ^j_^> 

^ ^ *■> *♦ "' ' * p 51 

J_s LoL-o_^ bb%jl l)L> iS ji. dLS* *• y j-d IdA ^y* ^->-1 Ld*>* t bljj3 
^jj_oJl oLl>jj>- oLSC-a^JIj OLd bl j_?d a-^_>- cl^J .d-*J3>- 

aJu3s ,^jL>J^3 jjb dobJlft t L^SColSLw^ L$ 1 y23 ^1 / ^ .*-» J L) 

^-Lp ^Jl £-iJl aJU_$ <j^l5" aJ j a a/7 Jl j^p j-oL*-<>«J( 

£0*)Ks>£\j 4 S-bJl ^3 £-Ljl 0 J)d->x_^0 ^JJL^ - ^2—*-^ j3L- oJl ^ ,s i/L>Jl 
pJa^-4 JteLi J3 j .Id&fcj t j^eJl ^ c^L>-jJlj cAbJ_*_<JI 

^X<>j>e_<o .La^x cJlj>t-oJi 1 w\_a I jaj ^lL^j1vw<JI 

^yi a^c j_So> c^s c^old <. iJlxj ^i!l oL_i^*J( o')! c ^pL-o-b" 4-j \ .^Lp 

^ ljJI jl pL>j! ^JlJU . AJb C j- A iS j-® 

^-p ^LJl <» — jjJl oL5 L<j-S l ^£ yx Jl ^j-p ^jJL^ ^ j-x^ o£ 

^}\ jJajJl ( j_p aa3IwL<iJI ^^>«_>Jl c^o15\-2 . j V 1 j ^U^Jl ^L>eJ1 

Lgjb ^JJLJl A_j ^Jdj} ,I*Aj>- Aj ^ 3 L^j>tj>- djLd jj± L^jl ^-Lp ^J*-^ I 

j-A <. £ ^<>Jl ^j-jj-Sb jl dLb i^\ .o-L-j>- o j^_v2_i L^jUI 

b| ^ c3b-^»il ^^Xa3 . i_\_a b->^»r^-] ! i^J ^_L>c-<kJ ! l^x-J ^ 

*>b l y>^\ ^ J t Jaid bb^-jjv^- 4 

(jjJbj ^liil ^3 jdvJ oi /^v^-wd'j'yi j-^J ^ JiS^I jljJJ Jj 

J V 1 j^s-P L>sjJ^a ^->eJt ^-JLPl 

O- tJ-L>- 4JLj J-Iij ol 4_>C-Jljji O-ji-S* _» .dU^ 

/ "'(J^ 5 i^r 4 ji l ^r > ~ ^ y ® 


Leonard :_ r _L J l .148-139 j> 129-124 ^ c- iJ jju^ll (21) 

Kollender Nash, The Atomic-Molecular Theory , Harvard Case Histories in 
Experimental Science; Case 4 (Cambridge, MA: [Harvard University Press], 1950), 
pp, 14-21. 
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(_rH S 0| 0 j-i-> 00 * j_9j 

aJLw-^j Nl 4 jLL>- ^j-p ^.J c^L^S' ^>3 Ug_>l ^.Op L>c«<kJ \ 

dJJi 'jZij dU-L? ^sNl ij^^-j J- 3 j .v 


oL«J>'>Ld i j s*-A Ol-ijj_*_xJl ( J_*_>c_i 

“>UI5 j05 Jaj*A>Jl < j^j pJ jJlP ( j^oli]l 0 jJiJl ^05 

-Li 0i-5 Ow^)^ ^ ^j>c 3 d-* 0 - 0 o*_P 4-j g .iO j~> O-’L^S' j-oJl ^j . P 

/j_p 1^>IS0 t o~l^5 0 jJL^SCJl <_0Jb j *<Jl*>Jl>- 

& u I 

^J^oJl J ^wwojJl 015 JJLs . Lo J^a (Jj)Jj>t_<iJJ j*J L*_4 

^ t ^ 

[132] Ji>- Jl L^J \jjhj jAS ^ijiaJl l*>>- t|' - J- 4 '*>?- 

(, ^ j*Ss>xJ3 ^y&J>z£ 1 ^i_P 1 C clXjOS" GjOXpOjJ _ 05 ^.-^.^*0 

. J£S t* 0 _<^_*>vJ I 4 ^j5 1 ^L <0 I 5 j ^>0 1 ^Ip i 0 1 9 


cJwu t^JL^iaJI 6 wL^-> ) ^ v -Lp 015 L^jwo t /j53 j 

^ ~*^ j g r* ^01 0-00 Sj. £* ^wA-Ll>c_^ ( y^}\ $ jjS>- ^ 4_o 0_<*_-^5J I ^*£>1 j}0? ^ 

^jOO>«~<>Ji oOJi? LoJ-w) l 1 jj .wU j_>tOI 0 j^05 ^^*-0 \y. J^" 
1 o jjli ^juj 01 L^jIOj Aaj0-<>w51!1 > — j jL>x5l ^c^L5 j** 

jAaj 05 ii — o 5 1 c-o^p ^.Jlp /^ijJl 0 ^JLlI ‘bljj . 4 -ZjUl!I 

^ j| 4^-wwjJO^ . 0 j_s^Llp 0^j^^ a^jLj c— ^5p d->L5 

(Richter) J^j ^USlI ^L^53l tc^OlpLiJl vJUw^l 

j^L55Jl 0 0^1 5^0 w<>--O-j j ^>-1 4^,la. i_La j_j aI ^5? 

©wi_^ ^j-a Juis-~^ p0 01 - ^^5-ow^5sJl 

J 1*Aj>- 1 01 U5 c 5ol^>0 ci^Lo^-L^_j O&jLjlpu ^1 
5j^-jjj .Lojii UjjJl iiJJ-iS” (Jl>Jl ^JJsj l 


James Riddick Partington, A Short History of Chemistry, 2 nd ed, : Jb it (22) 
(London: [n. pb.], 1951), pp. 161-163. 
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j*J 4 a-LaJl ^ ^-LoJl JjLa ji ( JjU 4 <W2jLL>Ji 4 >wM jJI AlLaVl 

— > 

( y^ j u-AJLlji 4-jjJaJ Uj^ ( j-« l y^-i 

4j>c_j^! <iLL d>jLs<2 Jij .^dL_<k^S\Ji j ^J~Q«P (jL>C*a J ^yg.t 

( j_~> (^JUl oAj>tJl ^3 diJ.ij 4 LaLaJ ij jJiJi 4jLg_) 

Jdi . (Berthollet) o’ y_yj (Proust) yt Jl 

^j-O- 4 oij > Jj Ovba 2dLa_2>\JI OtA^loll J5 ij! (Jj'iH -Jjij 

A2L*i.Xa “U^j j^-> ^a^>- *t3 La_gLa 0>-l_5 

jl5 j 4 U^saju ^> oLoJ\_«Ji t lLU^ j ,&jiai jt^jJ 

Jj_i! 4_>*_JL) ^yjl Ji-v2J j»J JJljstJI { V ) _5C_5 4 iilii J^-a J_i 

p ^ 

J-SJ .iJL-v^Jl oJJju I Jed i jj>dU A3 ^>Lp 'V 

^j-o <jL>Ji doiif Lowljos L> U^jUj \-J«>- jJl c. .,^jUo 

. j jJ-Jlp 


lS’j 


/ ia 2 a LjL>J~3 


AjL>cj t UJlXP V — & ft ^oJi ^-A IwLA 

4 0 /j ^3 .ft j^dJl ‘Cj L^-^SsJ I AjjJJI 4Ij jiij ^5 1 4<jl^jJl ^ 4dol 

* * p «. 

LoJL^-a ^-«-> /^-Ssj ^-J 4 4dL?^J V yi 6 ^-->“^1 ^Jj>"l 4 jL*J^ [133] 

(. * 

OjdP I La 4 j j_>- Ji L/^J I jiJU jl5 i dJUi ^ Nxi .*Lo»3L 

j .«-UlS ^>JI j 4 oljUtU c-LoJl ^aL^La*)/ ijL ^AJI o^A5Co»Ji 

4j(.J aJ^-*-) jLo 4_™*1 j 4> >aJ-O>w0 ^,A»Lo3-i ^4 4 ^jj_Lo LoJ 3>- ia-J^J 

W_i Ju>t-a OtASdoJl oJlA J-ii 4 ( j^sLvai=>-'y I diij 

^ji\ jJZLj 4 a^?U>- a J yAij ,ojj_vaLc- jj-OLwa-dol 


Andrew Norman Meldrum, «The Development of the Atomic : __ .Ja II (23) 

Theory: (i) Benhollet’s Doctrine of Variable Proportions,» Memoirs and 
Proceedings of the Manchester Literary and Philosophical Society (Manchester 
Memoirs) (London), vol. 54, no. 7 (1910), pp. 1-16. 
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Lo_£j! Lv^L^l o j-fcUi j\ 4 JjljLxJi ^\yLa\ a j_alU 

J»SLjj i I JJ .L*_g_^3 00 DI 1 JI ^ jJLS jj^ *V cjLljIj^s 
jjLE 4il /jJs? 4_LS\-Jjo L^jSCJ l 4-Jj 4^^vjJLi 4 _L£s_Jioj ^Jl>t-<)Jl wLaLjLoJ! 
oL>^^>xJj 4^wjJl l^jj^j ajj>«->J! JoJ-=*cJ /^o /jSs^qJ IjI L^_L>- .^Lp 
^ ^jJ>il->cJ 1 oJ_fis 3 Jo>T_J ^50^ . *^W_) ^J>T_lJ| ^Jcu ^3 4-<lJjJ>E_^J I 4o^J*Jl 
AjIjcJl JOj Lb> jJL K C s-LwO^SllI j*_Lf- ^1 I J^~' 1 *■) <J ^>o 1 (jijjNlj 

VU>^ o j-^-f-l <_5-^ o*>LpLaxJJ j j «,/?.>t-oJi jL>t_«Jl ^ oljJUl ot 

4J>t ; w»W’ ilJLel A~0_) j\ J-P-SjJ -L>-1 j 4_^Ju 'bfl Ju>t^j N (, Ibb-a-^ 
,Xj-L>0 ; yj* . .„la ll ^iJJi 4 -LS-Lo Ai j . (_£ j_J <j.]g_„..„nj 


ob)i (jjjii aj\ Lo5* tijj'yi o'^^wjsJi oijjij j->^>- 

^ JlpIoLiJI 0 j-5y. ^ ^j}\ 4-^jJLi .J-^L>- J : */? >bJ jJl-o 

. ajoLj a-w^J ^J-p 0 tal *wixj3 ‘l^L w^ ^S' £u$I ^J i 

o j-xJIj J^-p cJ-^ ^v$o ^ JJl o ^UJ! 1 jo^j 

^yA 4-P jpiO>*-4 ^ i Jj»t0*0 L^WW^W*J lo 1 J-03 4 | otiJ 3 J-*0 4 | 

LwljLfl 1) (1) 1 LoJ ^ j L-<>-JxJ 1 0-* LJLJ \ 

kicks' 4-0 Lw<*-s^\J 1 I CJ~L>t-jl 4 4_ w cJ - *J| cjjjJl ^jS* 

»> 

•J^ O* ^ 0-0 LS” l ^ -P ^ g J l---0-W^j' 1 ^ ■■.o. ^ .*. ^ Ij 


J .ijo! L^O ^oJLAj pj 4 <W5L>tj 4 4-J JJ .L^P 4j! J o 

At* ^ ^ 

OjJb ^JijjI ^ j! jjr .SjLv^J! 5ji~i=> (Jl bLo-l ^LiVl U-b>^ 

p. ^ ^ 

4j*V ico j jj li^4>- l j t ..]g.K-oJ LtO-j <jb" j_ijj>cJl 

* * *■ 9- * 

[134] ]_a |j_>_L?- IjLjwo Aj jb j!iS\j C>~ a ~^ i 


Leonard ICollender Nash, «The Origin of Dalton’s Chemical : k 3 (24) 

Atomic Theory,» Isis, vol. 47 (1956), pp. 101-1 16. 
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d-ois* ^jwp ^ jj* ^~-y° 

t- I# s* 

4j>x— ijl 0^ C 4j>c_^>xw :? ^IwLpI N1 LuLw^-S” J->cJL) 

jt Jb N <0^j>- A_o Lw<>«^_S\J \ Cj L.- la...j<-^J 1 ^^su>c_$ o^Lp! (1)^ (1) J-^- J 

^ tfr P 

c_i_3 jJj Jl3 j . l-*/S>- 3 1 A_1 jLjj A^LpL^AIpO ^j_P A-ULaI J^_P i..d ..t-X-i 

L<*-& Jij>-i ^ i /jj JJJl o j-S3i * >-p 4 jLzS\JI /^p o 

^ J 12 J* c^'j ^ ^ 56 

* <* t. * t 

1Aj>-I^ Ujj (jl Oyf^a IjjLp 4 aiii.3 ^Vj—o ^Ijuj 4 OjjJL 

Laj_x^j . ji I ojj ^j- 4 2,6 j! 1,3 _L2t-Xj (j! Ax5La-j 
jj^P ^J! O'wU ; 4JL Jail aJ_£j 4_«_)Jjij! CJ S yLo_*JU>i'^/l ^jLfj 0-i>c-aa 
a j j g. .t, a O^lpLij ( J — L>cJ ^3 lj_ft cL^Jp-j 42". 1 4_ W ^J| ^3 Lj_^_J>sJ S 

^ * f- 

^y> Oj-JS-i /*-*-oljj 4 j»J . L/jjl aJj_L>- tl^Lc-Lij 4 a j-iS' 

a-L.J->- ^-jlj -J- 4 ^' 4-»JJJ J-a-P J-taJ 

^ j^>Jl ^1 p (Gay - Lussac) iiL** jJ _ ^^p ^jl>J ; *w?Lkjj *. Ui^l 

j*J oli^lp t L^jli*>lp oj-A cJapi jlS j tL*ajl oJ^uJl 

G *(_j^ 0^ L^-j 

jJj) ^Lw<i-^5\Jl ‘A^jLowO ^ o j_> Jlj>- aJL jJp Lo^Ij 4 As^j j>cj 

^P AP^~u (((^L^Sol Ai^JuJJ -bwb>Jl ^liaJU A~iJ ULp^ 

j^_> 3 ^a_p ^ *— ^_Lp jwLaj aJI t o 

l)I J-v^L>cJl jLS'j . I^LLuj-jj Lv^> ^.3 ^IjJLII 

A^3 A-o LwOw 4-5^J I ii j % ^ .1 l ^-w^Lp , * l .^Al 1 

. OlS" LaP LAj>c_a 


Andrew Norman Meldrum, «The Development of the Atomic : _, 1= 11 (25) 

Theory: (6) The Reception Accorded to the Theory Advocated by Dalton,» 
Memoirs and Proceedings of the Manchester Literary and Philosophical Society 
(Manchester Memoirs), vol. 55 (1911), pp. 1-10. 


236 



JJLs j 2>-1 J-r*-’ '— 1 2JJ.2 jt j-o-X^ul £_a j 

0>tJ LaJ2_*3 .iillA j lb* 4 (J js^S\j s-L-o— S\3J A-O-LuJl C-iUla »^aJl 
4 a 2L>J-2JI O^jaj . »-PjJ oLJa_*-a l£>-L ^5L-<i_5sJl i 0^1 ^3 Oj^-S 

( j£^>j u L^jco ^«-‘>Lo Lo-o ioL^-S’ cj*)IpIa> oLA>t — !! Jc>~j 

C-Ja-C-lj . 4 -*j^>Lo j— P- 2 ^c*-_j c_-J->t2L> 01 ajjJbLo-j ^j-^o 

<* p. £ 

<u- «J 4 *>LLo 4 /j— >z^~Sj')I I £-o ^J-p Li^ijjj oL-aLi 

<u jJajJl .vie a " Lo_S" 1 2 I 1 ,j— Jj 1,47 ! 1 ^jLvJ iS”j^>U a-jjj 

^-£_>c_j <1)1 J^<jl l)LS” ^JUl ^-A J <L)LS3 .AjjwiJl 

•» *> (26) 

cJ15j tlJu^ L d l s JJal . " (Daltonian) iJjJl jJ\ 

[135] jJi-j D^° CjLJT 0"° ( j-P a ^U_) 

j-A ilS'Li ^1 _p J^T j— /y> /jS3j *0 

(jl ^3 4 A_>wL>t JL« ^LJl jY_L*Jl C^Lj>r-?>“I 0 J_S” 

p ^ 

^ 4 O i jjpvJ I jjjJLo_> ,^-v-J 4 tjJJ-U .(j^U^Nl 

5* P P ^ 

.L2_-^ (Jl^j N L^i-o j2SLH ON 4 43^^1 ^51 l^Ux~ui o^xllj 4 aJ?L-vj 

t - 
jL Ojj-O *LJ_*J| JJij 4 Ajjia-Jl (J j-3 -L*_l ( _ 5 ^5- J 4 2i-J2 jj- 4 ^ Ju J 

U>- ^J-O.t' tC~ va^s! A-J-o^ ojjiij 4 JaiJl ^2 4-» ■■ m |jJli>-Jb 

u1aL- 5*^-4— U ^ ^JLoJl 4_-w-S" ^1-sA? 4 2-U^ clA-X-^ Lo-Ll-P^ ,L-«) j >-\ 
2-U^^ ,L^->--pJj O-J L ^ i a. « -oJ 1 4JIA j*x, Jj . Ojj) ^ »tr-gjl 

^2 0 ^-Lo_x-i oj ^jl aLo- 1-^JI (j^ ^ ^3 yb Jb jj ^ill 

j»JLp 


Meldrum, «The Development of the Atomic : _ r _k-J! ie - jj—> J j _ >■ (26) 

Theory: (1) Berthollet’s Doctrine of Variable Proportions, » p. 8. 

N ajjJUI j aUiNl oL-LS ^ o I ^L.,,^ , 44.11 ^jjlril 

.1^-aLpI j c-L-b -ijLoy.L*^ t *4 j -’, 4 .44,- V j i i ^dji t jlj .‘bo t : .■ 
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XI 




C->1 L^_> ^-g-Xlj 4_wi^S\Ji /j-P JL~j (1)1 L-J_P (Jljj N 

■iLiXpNl a j_ji>-l 4_!jl_>c_a J_i N t ctiiS ,J — i .4—*_L*JI 

^jS- \^J> jS- <>jJI il)l 4<jNl L _g~ > ~ t cJjL?- -LaJ . L$ x .*— Jb j 

AjjLa^l 4 -iLpI b a (. ^Lw>x-ws^^-Xjl AjjXaVl 4. 1a ....a' CpIj^xJl 

> 

>-X<i-P ^JLu! ^jjl (. Lfr o la *-a r ^-~~P I ^Jl ^_SsJ_3 . L^JwO 

CjLsLs^^S' Lo_jIj i\Sj\j^J Ajl (_j-Lp <oLp 4_j! jJaJj tAJL3^jLoJ 

a_LL«I !j\ ^Lp l.^.ja..,~lfl.i ( j-SC*_> Lg-jIS a j. la !l aj_&j ii 

3y>-j 0 i_^l J • S'-X~aa j*£- ajjss j jSc^j l A^sL^I <Ua-s_wa jj 

OJio 1 bU ojLlow^ a_LJLp >^L-^I 

c j-P *_£JJ y^p (1)j-LoJL^o jJL_Sl *LJuJl JuSo .Ljj-iJ 

_ ^_ia_L4 ^J|_5C_Jwo ^j2j>b_j 4 la L*a> ^)wLa/?_/3 ^>3 ^*!)\j>r_ll ^>_UJl -LbXjJl 

olj LL j_>- cLlb^ 

^>c-j jLxJi ^JJL<>J! tjr* o^Li2_i^A' s y I j-i ol * j-oJl ^ j .4_w$wL*J1 

=*> £ > 

^j-P t>Lbi3 .JJj>cjj iis-bJl d-U-J 4_*_Js> ^_3 j^J Li JJ^-P Nl aJL* 3 o^Lil~L 
^3 ^ J *>LjIS \ jj jJaj L& jj jJgJ ( /^5 Lkj N 0 jSLJl 01 t OJ-b 
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J-L Od Ij— > oSlI c— ’jJJa-oJi i)\i 4 

4 ^ y& jJi yA 0 jSd ds 4 &y^j (_£ jjl ^1 ^j-o,*-!! <_y>4 jj 

.*0 ^_Lp 1*^3 c Lojj ^ ^>4 *up! J_i| <U^_a 

r JuJl ^5 ^-Jj a j j-v<? j 4jaj_oo j.-\ */? ^»-Sj 

,. _f ^ 

t _ r U ( *I*aJ cr" I J a ^wwwojl 4_ollSdi ddoP^M Lg-*-aj ^w^jjwldl 

J ^3j - wi>-lj ^ d^Jd d i o-La j . LULLS' Li 

y^^A p— d*Jl ^j_P J-i-*-0-xJ ^ j_>-l A-c^^-A J_>-j-) ^_J oVi 

j.iLo2-oJl od-A 4j>- jJoJ ,0^>t-Jl A-w^jL^o* d*)d>*- y^ ^ ]_ t-^d-P 
C.«.id*> ^dl od ^idJlj L oLkscj ! J O^ldddwdi y* j\xLa Aj^dJl 

^xil <Z~j L<>_a_j 5 1 jJi yA 4_o3L>- 4_P j^o^o* ^}j d* ULpJ 4 L^JIpLw^ 

4^_w_j jjdl /» jd*Jl ^_^5”j .Lgjjdd 03j ^o-Ldl JjdLdl Lg-j j»jd_> old 
.o yZ> d*odl 4_dJl odjdpj od.^ J-d L^-wwO 

<L*J ^J| <dL L^-c^j C^ddadl 4 djlpnJ dad-wdl 4_xdd!lj 

<jddJl pJL*Jl y> d-dl 4j2*d-S ^w^IJtjj 4 jd-di AJ3^As> j .dajJl oddl 
yo A^JL) Jo*LSdJl jljJLdJ 4 aJ3 lg.‘^aJl 4*jdl JJl>&j 4 4_j jd->*_J V I ‘LddSd 
4(J^dmL^o ,Jw<*_5d \ 4o>dl_*o»d i)\ yA p — P ^JL j j . 4_^w<d-*-J I 4_3 j_*_od 
d> ^Sl (jl | 4 4j^y\dl ada> yj 4>A vl >t Jt 4 Qj^^A/g.ib 

V^Loi-di l-^cd i ^|-^T JWm) V nJ , i % ■■ ' 4-^Wbjl 0^^"^ do ft UA^J 

4»oL*Jl - 4-wod-^Jl AdLidl jawwi! ^JbJL. y^Jj 4^^>LoJ! c->lj^-LU 
yS' 4j>tl^J>c_v^ ol^L^^a_L^ j+2> yi ^ ,4jjd>cJ^ 

o j-^ 3 <J I v^-LL) j~*~dl L^jlU-^oI jo jt—* ^-d -> j d.!' 


o5^ 




Jjdl 


lT° ^ <s_L* j_ 5 ^J t iiL»J 


[137] 


4jl_>“ .ciU^ j_*_i l-^. .JwP ‘C_£*q_!1 J 


o-Lj>- 4*1 iJjVl 

. ^ I's < j* lJ* 


oj^ji j! ^uji j^i ^ uii^'y Aij 
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J tCo U J$woj 4 (Jlj-J Lg-J^L*-* L* jl ^j^jjXlSI 

3J jU^Jl oAJ J ^ fl.ll JLsLu-^j .^o_Lp JJb>- ^1 J jVI 

4 J 2 a_oo ^ j-* 3 - 5 oJ-A Jjo , (^2 _Aj ^UjlCJI 5 Ja^o o! c J\3 

jt-L^jJ j . /__£ jj>* I (J jJL>J 4_>j JajJl J 2 Lo-> \ i y-P Laj j-A-> /_£ j jjajJ I 

I jjpj ^^LaJl 4-^-L*JI 43 ol aJsl?*«JJ 

^ Jb 

^_<jwL*Jl o-O^ I ( y-o <_£ J*“l j-> 1 ^J-^J jj-^JjJLlJl ^3_S" ^J-P 

o^— 3 hA— A i»-^o ^jo L*o j l— A* j 'lvaP Lj ^ i-^wl I 4«. - i-i^~ cJ [ ^ ^ ^ 1 

j^-xSj L*jjp Lojj>- jl LAS L^oLxS* <oLp| jj t j*Jw*Jl ^.jJj 

4 jl./3X:>-L J .Oj*ol*-o jl 4 j^>ISwwO 4-Jo jl ^UJl 
^joa ^o?Ljj3 ^ 4 L^Jo'CjS" ,}L*o j| L*J 4 4wwO-i_P Gj j_j |_S ^-L*_j L^JJjLjS 

J Laj . A 2 J 2 A LAjj3 4 1-£jL <JJ*ljjjJl 3j>-j L^Lai>-l 

IjLjJ^! t ^j-voj jjl!I > ^3l_*Jl j^jULil jl *JI*J| ^jj>&j 

w^JLoo Uv_^Jw^ ^ ^j>*-jjIjJ| ^^>cJl l) 13 4 4d\-w , ~ ^3 b j y-> 

.^>wUJl Jjbdl J 4jl-b- oljjjil jS\ Jw?L>- 


4ojliao ^jjLo pJUji ij-o ^^jjJjJl 4^J-S l)U 4 I J-SoAj 


OjO^UiJl ^\j .4I3JuP^ L<k-4 ^'LjwLj aJJLJ jo> JJ^^vo 
j _>- jj ^»jUl 4.5^ l> j^ 1 ^ ^jOJ 4 — j^SsJ 

[138] J0a.SH J| 0 yj»_^w4 OjIjL*a»| , -^" y 1 LJLp jl 4 J-v^3 ^3 

J j).AA,^_oJl J >tAlsJ! j_*_JJj 0>ljl-4iN^ oJw-A J_s42J3jJ ,JoLoj j y2^ J ^>'oli-Jl 
4dU3 ^>3 J .J-JwLo ^J>c_>jIj sol jO ^3 J J-S"jLjJ^ ^v-g_)lj (j l *S?S.>~' k )l i 
«-L<Jw-*Jl <Lj ^jJl ^^vOjJCjJl ,' y_4 (jLi 

Ajs-c-sJ’Ij j-j j-^ ,*• ^ j5~jLJLo>o 

jt-l-^Jl /j03 j_Jl5G|j) f^ ! i jS j — o j N c 4_oL_l3j_5 

(J-o-^- d.U j N| (aJjN! 
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i>d_A i-5^ £ *~*\ 4j! ^J-P j - ^-*-^ 

* : W2_*_j 4 Lo*w^ ^LJu>*j 4ajL-JI j j^v^.-^j! aLJ-p jJj .<w^Sol 

J-P IjixLOl ^1 p 4 w_aj^>tdL ^S- f'lio'VL 

‘CjLxJ! ^Vol ^JLil A_p Lfi^Jpj 4 L^wvlAJ AJL) 'cJl A^^<a_>c_A 

^-o~L*Jl <U^l*jl Aj jJgjJl Oj jj OJ>-l L$Jl*J>- L^_>ta 

ol yJi J ^IjJLii ^OiT hhS SjsLpI j^J ^ aJ ^p >li .UIp jJlJ 

jO-«J ul ^-3 1 wJ>lP N J .4 — <>J-P O^J j_> J5 (_£-Ul 

« o^ ^ dT ■) L^.-o ^ ~ 1 a«o LlJ I o^*<>d3^ c L o . L . ^ &4^tp^ c ^_L^J i 


AjJ)j ^Jj ^J-*-^ 6-L^>- ^Jl A_P j_o_>t_x>Jl f-Lo-L*Ji 4 L*— 

.j-s^1j>J| jLu^Jl ajS j-« j->o aJsl>- Sj W2.' Ij jJa^) LgJLfc J*j> Ui-> ^J>\j^ 

A . I 

r 


^ a! j-p| j-A ^-s^L<>Jl oO>t_;l ^3 ^cjjLJI Aj>\sS oLpL-i a-I ^- pVl <1)^-3 


aI ' w ^ - ! ^ L*jLI \-a J^S I ^-LoJ^Jl d)i j+S' jj „ .s <g . > tJ' 

^-jLLi 01 A_Oa Sjjkjj 4 0j- 0>- ^->jLOl <uLl£sJ 

^j>c-jjloJl ^Ls^Jl ^_Lp ^LoO-pi ^1 j-wo ^ ^^_LxJI o.. tv c^Jl 

^ — fc. *— 

4 Lwd J~L_> pJUJJ ^^L*_<>Ji O^y ^ij 4 CU->sJJ 

^j_p a^>xjjLJ 1 , Lw^LAdl ( \a jllS'Vl o[o .oj^ill j A^aj^h yo <=-L^-w*»L» 
^J-AW^LioJI ^.p A-^ij^_^vw<>J I o^Lj^) 4 a^ws^L^o j^p ^1 

A-yOJ r 2,^a_^i A - ^_*_ s ^>j ^J g -^-j jl ^-Ss^o-J N 4 j> JJL> A-wS^jjllJ! 


AJlL*->* La J_^>c_^_J I^La-Ls . L^-s ^ J 4 L^J02J>-^fl 4 ^v2->c-U 

^vj ^?LD^/I 0 } ^wOjJI L aj>^^ \J\j^?\ La jt£\ j ^ j4^- 

j_>wL)J ^3 4 LJw<i-P L<>oj^ 4 J LlJ i A^_3i I 

^L ws^ Li^J I ^^Lp /-v-oaJ ! ^ i m j’^ m ‘^ mJ ls^ ' ^ 4-j I ^ 5-^0 ^ ^-LsJ i a_o^_<>J \ 

r-j^L (Whitehead) J^olj jS j .(jJ^S\ ^1 jJ^i ^ Lj 6\ ji\ 

33^0 (_>-LSl jvJ-*JI o| )} * ^oS LaOJuP ^^-L^Jl A^>tj jUt)L!i 

& * _, ft 

4 Ia La-‘ li2J>x-A (j <» 'wLS 3 . ( ( ^«U>- 4.^^^ j^) tl)L-w aJL^= ^5 [139] 
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l^JUajl Jl 4 . « g.-aJl £^jL4w<kJ! ( JJL« t ^j_L*Jl t j'v 

*)1 >Xj t s-L^L*Jl ol t ^ ^ ^ ^ ■ -* ^ ^ t -l5"IxJL 

*L*_>-! jj> jl oL-^j 3->j.3li I jJlS t (Jl.Ja I p'VjJSs oLw^j 

.jt-fJU-pi 


j! lJsl>- j*C_i ^*Ji-*Jl ^-Jjlj J-*->- (_5^i o AJx-IdJl OjIS ” j 

^3 jJajJl Jjjjjl c-Lo_L*Jl ^3 ^ ^£jjl C L^O 1 j-i 

^ 0 * p. £ 

jjJaJ A^3lo<>Jl Aj'jLli! jS> C-> j^jc>\ 4 jd03 .Lvijl j*-£jL>oI 

dLL-J 0-3 J J O-o Lo. ~ ^...-o oL5 aJI ^_jLwqw^_$\J 1 (jjj-LJl 4_jt>o 


1 *Oj C LA-L>-^ C Addo~*5LJl *Oi j>L^>dd»J 1 

l^J ^L>-^ o>jA^doJl dLL* d)l 1^ .L^Aj>s_> wL*_> U ^3 

( i ) je - * 

. Lo jJ3j Ajl^jj! ^Lp ^ jAj>Jl A,Lq-P 3 Lo*ALP j/j 6 ^Ss3 ^ 1-P 


AP ^o^>^_>3 ^a— JoJ Aj j j ^j) jO J5 4_2-L>tj 
^3 l^ddaj j^ a >cjl ^dl 4^L-^5sJl £*-Lp ^^Lp j J Alio j! 1 

a_L*J L* dJJi> ,<jj_>JI ^J-p j *Lj^uiJl ^JIp ^ 

<^JLaJI JJb>J! Aj>- jjJl ^3 jJij O^LpI A^nOuJi 0->LSj 

Q-j ' u.1'2-<-x>j i ^j^p 6-L» -L>- aIo^I 1 jj >- <jl /j-d LwowdsJ 1 ^-Lp loo^- L^j>- 


A-o^'k->cJl D ^-3 (ji <w.dJLL$'i Ajl ^_J-JLp ^j-P ^jJ \^AS C 

Aj jL 2_) (jl J^ 1 ^3l ^-II J ^-> j-^3 P-A O^oL-O aS jJ>- AJoljJl 

\* y>- i*o L oLlp LJ»a 3 di-Lj o*Lu! -13 A-d^w>sJl JLp 

y*L> jJJLp ^SCl .Ajli OjIlJJI I A (>° 

j a L^~?- > )U 4JULsljw« OoLS' Lo !j3oj !Jl4i (_J-L 


Leonard Kollender Nash, «Thc Origin of Dalton’s Chemical : ^ Jj 11 (1) 

Atomic Theory,» Zsij, vol. 47 (1956), pp. 101-116. 
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ijl J“^' CSJ* 


<lajL^Ji 


G^ 


oLi 




Jp jJL» i^~o 

jljj-^ J^_P AjL^^JLj y\*S\-£' 


Ajjy L^jiO 4 ii-Ls^ fi-Slp-l j-*jL> ^J 2 j>tlj /j->jj-^> 

^ i ^-o^> aJL \j j-^-^ ** aS" jj>cJl /^_p c-L^iwL^Ji L^>- jJj? [140] 

Ajj->-Sh j ip-L-^ ^3 y* ^■'j-JI Cj^’J L^Jj-3 

4 SJL» J->Jl ‘L^j j>xsS\ kS*>[j\-JisS s )l 1 ^jlSvj jZS S » jt-^j l>3 o^-UL) j-& 
ojjSs ^j-^J J-J-Jti- t5w>lGa ^Ji 4...ia...^ I LSwjLjjJi py> 

<-NS ^yt>= j olj-^xil ojjii JjU s-Lii^Li lSwob_0 

f* ^ *** ^ 

j jiaJJ I ci->iJ->-i ^->£>1 ^3 ^j2j A-U_^_p LJsj?- ^JuJI j jJa~> ^J-*j>*j 

. L/ JJ! 

ojjjj (jL^ l _£-2 : y?y*-J J^>~\ J \S J 4 aJLL~J! A_LL^I ^yP j-*J 
^yyjAj ^UioL) ^CJ jbJl P-Uj oLp| 43 ->\j1wL) 4 Ow\_>“l^ 

jiiS" \ jjb (J i 4^iJ 3 a^Ajp- 1 U ,j_^3 ^ J 4 _*j La ^J-p 

clii_x3 .o % )LpI a_>c_v? j-»JI ^jjLJI ^Llj cjI^L^I y& jliS^fl 

.^jJL 1 — JjJ (. ^ j-i dL>lj jj olj jjJl C~L*j>- 

cLw'LSC: t Jj>- ^ t ^ — L*_J i jJu c^NtS aj j , . lal ^Jl SpLjl 

> — 4J jXj ^J>\ > jlS' jNj .0 lj_^3i 4^Jsj C-Jtil 

^3 J^Lo c ajI ^U^JI ^oJ^Ji Jl^ujuJI L 0- 1 1 JUaJ! 


Isaac Newcon, Sir Isaac Newton's Mathematical : ^.JaJl 1 j_j i. ij (2) 
Principles of Natural Philosophy and his System of the World, Translated By Florian 
Cajori Newton (Berkeley, Calif.: [University of California Press], 1946), p. 21. 

Galileo Galilei, . N\ ^ ^ki ^... t . lip. - i 1 I jj& ^jjLk^ ‘ *(■ 

Dialogues Concerning Two New Sciences, Translated from the Italian and Latin 
into English by Henry Crew and Alfonso de Salvio (Evanston, III: Northwestern 
University, 1946), pp. 154-176. 
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c->L jiij j i o 1 j j-^.«}\j c I i — ^jUdl 

1-La .olSL^I j JlJLj a-^-j j iJw^2_<2j^3 aJL> jb-j c 

yjl J-* ^-jIj ^ ^ v-JjJ-^S'l 

*_L*JI a->Ii 5LS j»L*Jl ^Jl jv-^2j LoJ_lp aj^So j 

( /^^3 c o*}Lp 1 d— ..t-i ^-i ^xJl lJL^>-l I c^I^LJLj^I 

aJU- j*— L*Jl J-s^ -AJL! . J-&J t ^ j3 ^LLo_> 1 jJjJo <1)1 £c->- j-<dl 

t S^jjLloJ! <2- j Lp1 \j 1 aJ <Loa|^J1 

<i iJUjJj>»J| <. I Lj ^ y2j IowUP C 0 jj& 

A-J lwA_j > — ->[sS ^ JJL> ^j/3 ^-*Jl ^j-o. +/3 Z. + S 

I A»vJ? UJl IjJ_aL>- ji *LJUJI jl <^j 

^3j t S*J Jj>-I ^Jl C fLa~l*Jl I *lS\jAj . ^ j_Jl uIaLo-^j^I jj ^3 

jl l \j jl t jJ>“l A^ilj c f-b-Jl ^Jj CjL>r->Jl <U_JAj A-J_^P 

^-wUj-JjLH c— ->L lS^ La j & ^_j A-LlS” Aj jJa-j j' t Lj j_)Li 

UJI 


r^> 


[141] 


^i5\Jl3 . aJL^-LiJ! wi-Lo j jy ^Li N jJjJ' /^5\J 

oj j-i O-Xp-t j j..^..lg J_*_j Nt ijJ>- (_5^l J~fc^ s ~t (_J4l-*Jl 

Ajlj-Ji LgX/> .J— IaJIj -AaLp 

aaiL^JI C— iLS'j .aX>-I^ ^^4 0*^1 vijjj>sJ j»_L*-L' «-j>x-jjUI 

^_v?L>cJ! 1 ^ '- . . I jii j 4 _^>L>iJI LfJl jilj 4^s>U>xJi L^J*>LSCjLa c. a j-N Jli 

aSw^J! J>5" J_i .LaAj-j i /2 j ^ ^i-Xjl ^v^SCJ .L^X>tJ 

j^j j 1.^4- i < — jIxS t Al 4_Lal_JlJl 

^Lw^-^xJt iw— £ jjd i olo t jLi^Jl l _^*- s . J j^J Jli aa-^LJ! 

(JjjJs 4iLij5! ( j^L^-53i jlSLaU jlS’ aajIj $ jj* 


J-&J - j-A ^>1 . g ~ «»■ j4o_o •^' J^i J> 

O jdJljs Aj j-!ajJ j*—^aj AJj aJI ^ ji N j+£>'«£' 
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0 i_iLL O j^JtS 4jLL^Jl <UjLwo_^\J| 0 I^y^j LfrX.,1 

L^jlp i)jL>*~yj LSC^-atjj jJ! j^JLp » ^‘> Us> d)LJ <uo!j i J-& AJLtlj 5 jj 

^J— >-S^ V ) t o 4 l_*XwXj ^ — 1 ^-P *— f - y -> & ^1 4 Lwb 

S_LS CjA 4_1_P 4_>L>-'^!l L^-^Lw « Si olll_! 4 A-s-> j-jJ I 4 j j la * ll 

^(JI^-wJ) j Jg ^j-3 CC’Lo 


4jL> jJi2J *Ld_JLxS2o J>^^i (J J-^ O-jwA 

^ 111 L^J jl ^-v^l {j* ■ l j^>j-*cJI ^LS* ^ a^p j j^a 

o-L_Aj ,uL j. la j <J I ^_1_P ^ojJuJl <*—>IjlS* 0»J_5_j La ^2 _j>^j Lyg-j I 

J_jj_>5_1j /j_5\Jj 4^^jL5^JI j*Ji*)L>^ j^5LJLj 4L*_L? 4CC>LjJajJi 

L5tAi4 wi _>- jj ^jL 5^ ^]l liL*» t^JJ (J j-51 ci^Ls 

^ ^ ^ f. 

Li>j^>o j j> \xl> L/ l.yg.j I cc^L jJa.*J 1 ot oldw*_^ IJ_aj j*}\ ^j£> 

^JlijJtj j-fiiJ LfiS J-> .C-3J JS <_^ ^j-^j-C' ^lijjl 
y&J 4 (_jjl~Jl dJjbJJ 4jj y J»bbxJ o-ilpl ya L*^o Lg_OtAj 

j*JL*Jl /^o [a 4j5 j^qJI la^AjZZ ^Jl Ai^LsJi A-J ,j_$L jt-J (^2Jl J-J^JllJl 

. Ifr** A > A2*)L*J| Aa^LlJI j 


L» j-oU ^^cJl 1L-& <1)1 ACSLo-J 


>- 1 Jj^U JjL* -^LCk^ 

»— 'LiS” ^J-5 s 3 . cr ^Lol j jJa_iXJ U j j-LiJ i L5 

• I i J ^ + j3 —) ^ y **^ AwO 1 1-LbnJ j f' LwOw^^\»U y^-i J ibLj 

p ^ ^ 

^yJl u~^Jj >»_Lh4?! oU 4 j> vjJUi ^JLij Lo-X^p t L^j L«_j1jj 


^LJI j^iJl ^ ^ilp ^jj! (Robert Boyle) Jjjj o> ^jjj ^L^SCJl 
i)LC±J( ^L-^Xll 4 jL5 ^ 4^<J! ISj^ JX^w- (^JlJIj t jJ^s- 

J_<»j<jl^JI AljyZ ya Ljy i<j^jJ\» J LLyu ( Sceptical Chemist) [142] 

(. »* 

J I wL>- 1 o L> a j ^>bj L^j ] jt-j 4 Co I LS_*_j ^ JlLo j*J f- L^5U I 
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( j-* f-y>cSj 10 _& oij jL5\Jo! j_* OjJ_JJLxJI 

9 

4 ^-sXJo jjJl - 4_pijwuaJi 

^-vAj-> l_s^"® *— JJi £-°J U*tA-U Ob»_f- Jjjj (jjbai j»0lp 

^jj> .^ObOelS ,J-L*42 j 4-0-o jbJS b’VbpVS Jsl«j (_£ ^e»-l * 

.^nJjtll 4 _*_Ja (J je>- 

eJjJjs- 4-C-LwS ^djOj V ®<—4 j jAj® (ISIS' t Jo jj i »>uj 

y rf 

Jj JJ 4a_ii .lij .LaLoJ Lje>s^ 40ib OlSj (_^jJ_i!j Jj-ofil j 

oli \JJ 4^L r <i- : ^Jl ^ r v2-i-*JLS’ a^->J £cj>~L>c_s ^SCJ 

4_^_>“^J! 4 ^J-J JJ ^L$*J ^j-P ^j-sO^Jjdl C-ol^S" ^3 o3jl ^Jl 4^r-wwjJl 

# t 

4 4j 0»_0 V 4 L*_Ja 4 j.* Ja_L*Jl Oi_bj . LaL»J <U» j_L*_a 4 Ooj LJt 

Uj jjl ^*P . 0 1 1 ^3 (_£ j3*-l b^L-*/| ^J-P J»>Jj ^ 4l£>\Jbj 

1-L& s>_i3-p Lviij UJlip ^JJl L^L“ 

•< t 

ijl 1 — jLiSO 4_2JLl!S ■‘UdJl Jt-I Vjl Jai_*j! ^-a pjOl 

4<(aj0Jl» jl 4 ((iSUajlW j! KObjJl# ol^j^aJ JJU 4_liU j .,& ',*J| j y^>Z 

(_gjjl 4 )0S CjI) ^Sba ^jjJl Oj-b jjs 4 # j»_-**J>sJ I # j| 

^^-0-0 4 «W?lo>c-» 4 v 2 j • LE^\J^I Ls2^Lx 50 ^1 lp j?J>T-a (j ^5 sj V 

^jJjO! 4-jlS ^Jlj tJiVl jJa-^j! ^LJi ^ ^ 

p_L*J! 0 c J jJLlI OJ-b V 4 OiJj j-j'y 

4_dJ jJtS <uiajtH 4l->ljjj jjcili .^aJuil -b^! ^-vA-SwA-li vOj-X> 0! J^^aO! 0XL»J 
4 JI— »J . L^jli jOu jIa . o LaJJwP ( _ r <jL«j! j C , 0 jjja 

La Ijjl L^xS3j 4 ( 00 ^ J^-a Jj >- j |jl Ojk) <L*~a 15 4„*J3 \a\ a <JlolJu-L>o 

olj j I 3 .5JupLw-^sJ! I Aj ^_ s jjij i ^J1 O 

Ji-b tilJjJ LaiJ^- V| J^IS iOJ-ba jj^»0 V I 4 JI ^jlll 


Thomas S. Kuhn, «Robert Boyle and Structural Chemistry in the : J J=- ;I (3) 
Seventeenth Century,)) Isis, vol. 43, no. 1 (April 1952), pp. 26-29. 
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l y y>-\ t jj>-T j*Jada {jr^y* (_5^ 

ciJjj JjL* *d>l jj).*/ ? . ) (jl <J>C^-Xjjl j J d^L^-wJaJoj C <-wLo_^ 

jj> .^L-wJl y& LjAJLd>>L L*«Ls j ^_vajJl 

Jjb^j l$y>-y 1$^ LI Ljj (J& t(jL— Jl 

n -J *ujjI (J - 1 y y* -LLl .-i-Jl 

^kys]\ \jyt pj ys>- j\ ^j-£jLJ| I £ yJ>u J»J U^Jl jy . ‘U^jj ^jjJaj [143] 
^.Lp j»-S c Lol j iAi LiS* U5 j .^lajj-^j .^-L^ U-pL^j ,^JI 4.- L jJJl 
iioLa^Jin^ h <j ' h *wjij U -«-*_j LI -9 ^ ty^**-* ^ UlJl-Lj I 

.a1_o_p ^J->“ ^ l yjo>x>- y^^ y 

* 

4-Lo^£- y& *Jj>cJl dJJ^ ^3 <d>tJjLJt 4JlA?J vdot? i^La t 1^| 

4-^>-Lp Sj^jJ Ijjli c)i-^ >-LLi ^ j ^^JdLl 11 L.A > ^*-LlH ^ dLdl ^LJi 

4j 4_*j Lw^i-^SCi 1 d-J LI Lo-^JL^'V L 11 ^s/2«L*Jl H 4_£*^LP La t d-L ^J>- 

t y* -dL p oLT Lo_p LoLoj 4_^ild>c_^ oLl ^ j ^ ^ ^1 c *LLLw<>ws5\Jl 

olj jiJl Lol / ^ ^L^SLl ^Jlpj f-t^-^SsJl oJ 

(jl C-w2J3l -LLs t <Lu jl j-3^ <J y>~ jjwU ^^-Ll L^_daj t ^ y>- j/ I 

S= 5* £ 

L_Jll« *)LlwO j3_J ^J->^_) _L>«J i j^k^SL^]\ 

i-i-a_*JS dlij l^-wsj LoJj (J^-l a -^-* (j^ 0 4 -^ > “ j- 4 J-? ^ ‘L_Lo_*J! 
diij 0|_J -(J-HJ*^ I— j\sS oJ_w^>tJ^ 4 0^^>- ^aJl AJ ^^oJl ij ^5\J LaXlP 

<_£ ^i-l SJ> “Us^L' (jjl ^iS"! t J->- Ji Ajjj^i!'! A_ a _Jjcii 5j j-.<a Jl 
>_iLi^S’'yi jj^j t Lo jJ 4 p_L*Ji y° 

.A^jjjjj ^1 


Marie Boas Hall, Robert Boyle and Seventeenth-Century Chemistry : yaJl (4) 
(Cambridge, MA: Cambridge University Press, 1958), 

^3 jj J,L»iJ UjUe\) oUlg,^)il ilyS yj 4 A) U Lj-bcS y 4*eJl5vll ^Juoj 

.Jt\ — »^x]l j*J2t*A Jl j j) - /' i 
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XII 


J-o Lg_JoLL LxS ^xJl ( j-u_).aiJI oo5 jl 
LSL^wa LJ^jL2> .(_5^Lp ^»-L*J X-Ull .<p_»_Lp ojjj 

j»-*Jil_jJ Jj’xj ^ CS^ iXa-*J( Lo .ol jh>cj\ (_£_b>-| L-Uioi LgXX 

^1 ULtxSI tjLSj al t Oli . ,1a. 1J j_w^a_i <jl ^ 4_A_Lm ^J_>r_a J_jJl>- 
ol jjs\l ^jji ^t^wLa jJLi j\ _L>-ij ( j2s_P (_y3 L.. LX i La (Jjl LLXj (. 4j ^J a-i 

®j~Ua pJUJlj jt_L*Jl ^Jl jJajJ! <j jaIo (jjJjj/l -t— * 

Lo-^ 2 iSjXJLi N jli jis l^JL^o JLaXjjM { J-JL»J 4 AjiixLia 

jt-^JkLx_il (j^SL La LojI^J . ^-■ ^ . U . fl. a ^9 aL^Lf-SM « L _ * _a 

4 oUJl 4 ij^-> _J- 5s -> L/2 jI r*-^J t Laj jAj a ^JLaJl iOtA^^LaJl ^ip o ^JL> 

toL.j^! 40 j-a-J Jw>L>aJLj ^JOXo- jl jl—L-O 5 

ft-SUJl ^j| 5 j_la_LL ,»_£J L*_a ^.i a _ * -a j^a La|j_lj| Jol , ^ T .ajl^aO 


l^>Laj t L)j j JJL 4 _a— So .^jJ-iJl ^*_*_ol j-JL o^J^>s_aJi xp! jJiJij 

I ^j-a La_«0 jl L|-iS' 4X^-aJl I j] jJ>t-i_ l _^SL] 4 !^J_*jij (jl ^-^.»Lp 


C#*^ 4_jL^ajM ( ^_A Laj ^Ullj J*_L*J| 4JJJ ^3 ^1 4-X^aJ! 

xJoj Oxi-^aJ (_^3l*Jl iL~=-e-Jl ^y> IwULjJ Lp 
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L^-j I jS wLij o i <. 4_L wo V I o J— & A— Lp-J I j-j ^.SvJ j 

C!^->c-J L^OwLAj tji ^ jJ^o-Jl ( j^oJ ^xJl oU-jJ-PxJI 3 JL^>- ^Jl L^ji^L^ioNi 

jl t l^L* JybxJl j\ t A^wo-LJi oLjjiJl ^y2 ^A. j O 

■ ^ 

JjL^ j^i t (^^Lp j*JLp =-LJi jLs LJUai .Lg-oJiCj 

j* p ^ £• 

^j-o taJ_p i > JiS 4 J! ^.aj • , “ J L»-*j.jI j-J U<a>-U ( j^Jj toL>t>l 

^ip t AL~*^ <U aO-V Ja*- lLw>i-JI <J jL>- <UjJlJI C->LjLL»J| 

4jI *bf! tij?- j'gJI ^LL| j _jjla>x-J CjLijLioJl liLL yxij 

i tiili y V-X^S .cJJ.1 L«Jlf- ^ 1 - 01 ^Jl y3J>cji ,S.L*2j jj5o 

iuLj^iSl a*3jj aISwi^JIj 4 jJa^xJl JiLa aJlLo OjiL 

v 0 0 & f, p 

.^Ju>- ^jJP aJ->J-j AjiJjL>«*4 CjLS” jS>- j>ej ^ A^jLo I aJ JiS' _ji 

l^j ^1 ^J j jaJLll l$j ^lit P-i ^-‘- fc * b <UaJ CJ L>*^aJl cJa 

.<Lv*i-]l Xf-\ y . J C~~J J <. LgJtliJ 4_JL~iaJ O^jIaxA 'yi C— **J 4 J*JL*J! [145] 

(jli tijj .4_j y_w»-s y\ Ajli jl LaJlia <CjZLo-A l) ( _ ? 4>J 

^ jJ-v^Ij^aJi (jiii-jn ts^ji oi *aj«j 'yi j-va>o n y^i yi y^s 
yj (jl Jaj *yi jJ— ^2J»c-) *V tjjJXP- ^»- J .iajl yi <Uaxa~l J>a- 

^aAa-LsJI v AS j^jJl JJL»j *Vj ^ :> *-^ jA AajVL l ~y>*}\ 

tA^JaJu Jj5-lj AjjLia y tCjLAx^-^/l Ja- j^jS Lo-S" i ^ jJj»il 

s' 

yj 4^slLa ^a *'y?& yAAx-&^\ ( J*^z>u i jUi ye- Lj> jjO .aJsL^o 

.^yjjtll j>ti*Jl sj/ jJ Lila yy >Lla jj 


j~S- U-JJJ ipLs-r^aJl oiA t y> ^ y2^Ji-i^ 

Ca j ^ .l a il l L»_fc i ( j^-ij^aL*_o yyJi^Aj ( j_Zj jJsli <K^3 jSja 


jCj> <. 


[e 


■jy 


y*JI «bL-*>b J-ij 5J^s iSL^oj y^A 1 

.<U^i*Jl objJaJl (jjlatjJ 4jl]ii^ 

OSs^-^Jl jJ>sJL\\ L^s^2 j j ^5C<0 Aj jiij ^ 0^ ^.-^.llflJ>- 

Lojjj C-^-5-i>cJ J3 Aj jJaA.ll Ooi-5* i^i LowP (J jJLw^j *)J j^jU L aJ-v^JI 
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/j_P .LwLx 3 £• L^-4-fiJ>tJ (jLaJL^-l y S' 

ojA_S ^Jj — o— ^ — <» — 5 i ^~L>- 1 j->v-j\ 

dUi^ . J-Jl ^j-^r jpJl <: '- i 2-^>t-^ c^L jJij 

(_£ jJl ^>cjjbJl <wA3 t Ly^jl l y^j oL jiajJl aJjULo ^J-p j-s^^Jl 

(, f. 0 

“^' cjl j-ji_> jl \jL>- Jw*Jw>W»JS i y- a J .oJ_jJ_>- A-J J. la_) A-^ Ji_jLl 

^-«_L*J| (^4j>i_xJt daLjLsjwa A_Jj A_>-^jo jl c_~>=_) (_J J-ll oL&U^-j'yi 


^ JJL>*J I C->L__ r iaJ <■ JLp- ( _ 5 i^J 

l^la Ot-]| j\ SjjsLjoJl ol*J {y> e_l>-ij ^1 *Lol*j| Las j j_m? 


pi ^JajJl aj_A .j-iL*Jl I C~JLi jj ^jJl l Aj.sL^-cJI jl 

oL> jJajJ! £_a a5jS>- A^aJjjl Aj j ja j| jjLiL jl C., , liaj Ai_«-Xj>x-<dl 

OlXa jjaJl C^LJax^Jl A^- sa .jjjLS l , g * U o ij^-i (_jll L^lS* jA>-^yi 

^jjl l$J5 JLaJI ^JLli jl a— JJ aXJ (_J jA-l AjjJaJj .LgJb 

jl ^c-^l ^Jl jr 4 -^ • IajL*x>-I j lj ■ 1 1 ^jA c-jJail 

l A~_^J jl AiiJaA c Ajjc« oj/Lca-l (_£jj ole-Lii^l eija 


[146] L^5" J .jjjmX j (jl a-Ljujll I j_A J-LoJ 1 AJJj '■— -*"--A3.J 1 j-Aj 

jl A^*J ^Liij ijj>-j j*J ISI t <_5 _3-5 1 t O J-Sl (jl ^J (j-yA 

^ — 5 [ aL. j. -i j I (jli C ^_-_) > _$l !-£■ ^ C->l J j( , s ^ ) 

J-JljjJl Ua-I j Jj-li jl (— aIjJj oLjJsu j jA^jlJ 

aJ— ^ aJ jj^sj jj-l t J-wJjj! IJL^j J • J r^"'i" jl a_j_^oJ| 

jl J_A Jw^L>cJlj .AJ^5s_a_<jl oljjJajJ! jl ^ Aj_Sj»_<Jl ol j-_>Jl 


( J_ij-<JL3! ^Ijlj jij j] 4_™J jl (_9 jaJ! j ■ ■-? ’ >■ iaja^ £-jJ=>*>U { 1 ) 

Ernest Nagel, « Principles of the Theory of Probability , » : j la ll t Jl « : >-Vl 

International Encyclopedia of Unified Science (Chicago), vol. 1, no. 6 (1939), pp. 
60-75. 
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(1)1 “ a j-Jj J-bL <-■$ 3 2 ->^_) 4»JL^*X>-Vl oL j la.'*-! 1 

^jA jJjS ^ 4JjL> J^ 3 -^ 4 i) ^ Lo-C^ 4 t 4 — A3 dib 

^ ^ _?^j ^jjSI olJLALiw<Jl j lu jjj-igJ-.lt oli 4 ^LaJjl>^I a_^-*>iIjJ 1 4_b*yi 

0 1 .Cj-Xj>-j l)1 ( j--_w*j ^ Jj>-L 4 JLwj^ JJ>b L*Jb LaoJl_*/2_j 

*UlJI ^Lp jwb'S/i ^iJj j-g-9 ! e-UbjVl j JjJj Jb2->=jJl 

b| La-P Jlj-wvjl j ^>cJjlj <^43 J~° ^5^ <bjj>- J-oJl J-^ 

^Lp (J j^gg xJl ^ 4 j ^LJLll b ^J--j23l ^LbxJl bJ-b bb" 

4 jb~T (J- 4 Oolb oLJa_^aJl bi jJ jl 4 Lj2j 1 ^ jJ>-i 

JjP CJj>c-Ji ^-b^JL^vJj CjIj^I 4^»j ^wwJ^ .4j>- jJg (jjbl! (Jlj^vJl 

.4J 4jjj>b 


(jib vjjj tA^bwaJ I /jXJ <Sb_vjJi abjk J-SnJ 4j jUb iijlA 

<_$! j y>- j ^jb ^JJI (Karl R. Popper) j_>j_j .j JjLS” LajjJ? JlS 

C^Lj! 4_w«wkl JJil Jji3 t-iUS Jj-a S ^~ u . J ‘ LS*>\_]5’ i JfAOtJ oUl j-^~l 

j b> jli t jj^a^ejjJt (_)V i <JjjjJl ti jJ^J 

(_^-L!l jjJ_M J .‘UjLi AjjJaj ^jASj diJ.1 JP 

aJjL>w>JI ad-A AJU_^P (_gjJi jjjJI 4 _wJLj 1 o-LSvj 3j3>-j CjS_JS 

jiaJl t L^ljUL 4 d-*J OjI j- 3-JJ (_^l c ^3 jx!l ^J-P ol 

^3jjJi ^Ss- j_&! ji otj— 3 - (j^i t lIXJj 4j jJaj jj^.JaJ 

t(_^>Jij 0 L 0 I Cj! j- 3” - iiiUa^Lo Oj£j 0^ 

J^s Iji ^*5\J aJw^S"lj Lki - ^ .0 <Zj\ j**3*l}\ J-) .1 1 *M S 

C-3 J J l^j <U>-1jj ^jlSi 1^-15 oL>t3-'1 , I Aj jiiJ 3 j>-j N t Jl^3 

f. A 

t^—l_p\ aJ-oLS LijL^j o_ aJi^J ( _5-J^ JjJL>Jl c-w^J j 


Karl Raimund Popper, The Logic of Scientific Discovery (New :_w- 
York: [Basic Books, 1959]), esp. chaps. 1-4. 


(2) 
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jLi-S izJS'j (j! l lLLJ^ y* ^J_*_3 .(jL^-Sn 

J. S j_^J t <jl.iJ->c_> olJJLil Lo-& C-4 ia^-oJSj yu U A^o^*^LoJi 

y\ dlls' lilj jSo-j (_£ Jl ol_w>tj»-Sli [ j- a j— iSUi t 

i Lv^l t j-A <Lof-‘)LoJl ^3 J-S-9 JSj 
y>j .olijMl J S yj oL^iaJJl JS y^ y <1)1 ^_^>-ijJi y> dsLSJ 
[147] jy, (_$jJl o*L>-j j-* ^UljjJi 1)IS IS l y jS-1 4_gj>- 

? f. 

ljL*-o (Popperians) jjjj 21^^ *— ^ j-*-*3 tAjjJiJl ^23j 

jV^L^-wu^o jl W(jLoJL>-l 

^iii L^jI^ 4_SC-ju c tA-^S” Lii L) ^ ^..-^-i 1.3 l J_^Jl IJl^ 

aJL^*j3>-VI cjIj j-isD L^j j> 4 -^ ^ j-^-> C-. Js. I 3 1 

( /^_P 4^_3>o 4_iLLJl ilsl_> y*^S> 1' /j^ 3 j-JtSGi oj 

^_laji_^>Ji (J ^->" c vJlLS* c oLs^a « -q. ll^o j. . l?-,iJl oLj 

j ^y^\ m £iS' ixJ 3 L>“ *^3 ^ C1^->C-JJ ^ ^ ^ 

L^_/V jJlJJ A-o-£-a ^3 6 j-*->- •°-^- :> '^ ^lU-ov-P 

^4 4 aj jJg.xJ' •^j s r j-o-^ ^*-*^ 0 ! j-Ji ^j^Lxj j *,<g >-^J 

<\_!oIj>- j> 1 ^3 j^-xJ I ^ j_p j j)...^, 1^> ci3 wL>tlj *V c -A_S”j^qJ( 

* f, 

4_Jw<)^P 0 I 3 C diJjl ^J- 4 ^ '^-j^ » ^ ^1 (. 0-3-) 

t dJJ^ 4 Lv^J ^5Co-J 4 Jws<2_AJo5 

J>\ 43 'USVUJ yjji^ J^i 

^Ju 4 uJS'SjIj yj L<s 4 j^L>JI 5S ^iJl<JI a^Lo_>JI tjjj^ 

JjLijJl ^ J L; jJslJI y~j ijjliaJi Aj $y> i_> jS 

I 4 J ysX>- j^Jl oiS ASLwaJi aS _* J^> jl j .(JLo-Xp-')!L) 

^-wiwJi Ij*ApL^o 0^ l^.^l L^xSvoj U5 c ^jj 

L^l .^oJ_*Jl 4^L<>-P ^3 £_5I ^Jl Jj-o (a^J-P jl) 

jJb ^a_i5J>c3Ji ( 1)1 o^v5o ^X-xj L^-1j23 ^ 
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^3 ol) jJajJl ^S! La (jLijNl ^j^ww^Li 

yfr 433 ^S 1 «— ^3>- ^^“ 3 d - 4 -wj ^ 4 j a j j_v2j £jlS 3JI /*-* (Jp 2 j! ^jjixJi 

jl ^JlijJl ^*>\jL} oL jJa^.li ^-L>-l o-jIS bl Uw« tJlj-~Jl 

L< 3 w\-Lp L^j>- ^ yJl f«-L& y* aLl^I cjl yS' .ciUJ-S" *^“j^ 
(jj^bj .U-j 3 J> ob^JiJl ^i\ j-iaJo 

I j^_jLwO 1 3 ^j_Jo jja-j jr° l>^ (jy l) 1 3 .-*JJ L^.. p 

4 *Uj j! 33 ^3 ^ijLwvj jj ^_$^i ^SS' yA ^S' jJ L3 . ^jIS 3-U 
^j-A ^L-b j^j2j 33 ji Jj 23 4 o3^>- ^oJl Cu 1 JuA L^_<jJ 1 4 (jL-dl ^Lp 

kj jl&j (jl 3 *A_*_J 1 ^j^lJ 3 JLwwJ CvjLajJl /r^ J-H-P ^j-^a jJlS"V /jJ j-^?L*-^sJl 

-J^ U>e-“>Ujl O jij ^A Cojl jiV 


CaU_*j.>I jJl i j^i ^VJ jl—XS-jJI 4^>_g_4 jp Uyg 1 1 aJ_a jl ^P 

4_P j-»->tA> Aj-?-j jji jCil ^-LpJ •(_£-* ^ a_a ^^LSI 4-* jJL 4 J pi jJ_p 

i UjU*- -^o L^Jlp a>-I j j,JIpj t <tv<JpJl ca^ASLUj-II sjp-lj 

^j-wi Us U_^jU_oJl jli c l_4_L>J j_oL^_o_Sl j_js 5 j_?-Ij Up j_o_>w»j 
iJJLa aJ-<s_*_i 4_otp aJL^Jaj j jJL> JjUXj Lg_o_vw>- ^jSUsa CaU-UoIjJI 


■> j-^-j N c ( j.Sj! J • j*-*-ol ^JS L^U>tj ^iJl ojl 5 UU<>Jl ^J-p i_iL~p>- 
U^UUiwiJi caL^-UoI^-LJ (1 )j Ll^Jls 1^5^ k^Nl->«Jl oj-A j_ ' .. p_ ’■ 

oUUIji^'yi jj^UUUl J->-l j^j t‘'-U , jL>C-« 

■ A." J. -/?.<> ^l»Lpj? C li jL>eJl Ug-5^-U->tJ 4 -*»jj-S>sJ^L!l 

aJL~s <J ^>- ^JjUxJLdJl (Bertholet) a_J jj jj j J— ^ 4 j - 1 
,^j\jff *Uj c -> ^ .,<c? »u ^ 4 UjU«-u0i cals' ^ui ^_«s jj 

jJ>- jl uj-^ (jl -L>-lj (jji , UU jl ^jUUs-UI ^jAs jLS 4JI {*-*j 

^LsU jl Ul > jf C AaU-P Ca U-SL . v .-'S j) cUU- ^3 4 1 1 jj taU»-Lj 

^jj> y U-Ua C ■ .J oUJoiijJl jj-'A L~JU_«Jli . A - j-i CaLwjI 

^^ssa (^JJI iijL*-oJl 


[ 148 J 
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^ f ^ 

^ Oj ^ tjL^ LL*J 7~ ^.Oj cJ_P LL-o^I Lj!j ol >-LaI 
jiij a^>-j J_ol£ ^ju>t. j SjiJ^b jl a^w- 3 Loo»_3 1 o^L-Lol 

Sj_ftLis l^JL i j|— Nl o-La 4J_«^>- O-fl-v^j jj j . ->. Oj-Ij 

O-Of-J ^^gjl t-ii-G o jjjdJ 4_4 jL~J! ^.il*Jl z*-^*Jl J-JLiL 4 jjULo o LS v^o| 

j»LioJl .N! J La jl I g It 4j>-L>u Lj tojjjJi o*j 
a_>tOV ^1p *Lc*3Ljl<JI Jj^s^Ll> 3 e_iJjL>*j La LJLp ^ JjVl 

(^iLoS ,L^J->tj ol 0 ^S'J j* l£^ ls^ lw, ^ x d (_$^l oo^\-5wwoJl 

Aj .> ^ij (j-« .LLiOi ( _ rr J pJodJ j^j'lijjAJ jl oli 

L>_3 4-oL^oJl o^L»Jl oLw>- i oL>oJl (_£ y jOJ ol ~*S y>^\ 

oij ? (_g jJa Jl oJla JJl<i .> j_>- j l JL>-">lJ ol t JaJLs t LgoP«_t jl 1 \_^Oo 

j.la .«ijl ( _ ? 0 jJa_J li*)L>- t l-4-j'^ L*-^l j LLaJj j_J LSL~oL-0 CO-LjJj 

0 > 

Aj ^Jsd dJ..3 LaOdP j . Jlj^wJl ^jP ^jLlII i — >l^_>tJl COwOws^i-) 4 d-JjLSLoj> 

^Lp dLta LIS' j .Jill) L*_J ^J~*Jl ^va J!j-~JI j-o 

l^jl 4 j>*JL}J 4 ,^POj (1)1 A^>l*J| A_^*dJl AjjiiJl JJ^ cjL>- 

0 J 23 4 jjLS' £_^llj! j jJjJl ^3 L*J? J 4 L,/gj' tjl .aJ *>L>- O-b-j 

Aj L «m) t <,_* - ■ j ^j-wj L»^q^«.^L) I A*j L j>— I A*o^l^3^/ Aj^-lsu 

03 lO_»LS” (^OJi cJlj^-cvjl ^-A ^ w 

JJLo aJ-L« t a^j jl j3^J j-f jL^jo'yi Cr*-** c-oL^-lj 

Ul J~jj>~ ^Jj c JaA3 Aj ^ ^i_wv^ cJl^j OjL-vJ>“ C /^jj ^-j jJ I 

■i 

0 _7-^l ‘ |*-j>!^ l)I ^-^ j>tJl dJJ^ (*— ^ 

[149] \JOLj2_**5> ^_P A_L0_^j \ J_jJ_>- aj) ^ ^ — LJI d-J— 4 /^_j ^_d-A_ll 

.'l^AP Aj^>- V l L^_*-a^ 4A-jL^-s^jl 


AJjLLo jL £j>\ ^-LP O^JbUi /^J5 jS-S\ lib_A 4 JL?- J-S* ^^JlPj 

4 A_ojdjjJl C-^Lo-ij^i ^Jl ^jA jJ y oJjJj>J| OaL>Jo^1 j-J| Jl Jk-3 .j-jLxjJ| 
aJ^aJIj aj^JLJI ^jA L^jdo ^aOJ L^jli 
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LoJ-£ ^ J (ji ^ ^wLJol5t ^Jl (1)15 ^5l 

U_;J»2>*Jl j^Jl ^-£_3 « J-^-LaxJ \ ^JL jjg..lL> 1 oJw&- 

C^li^-P ^3 t< JjUxJij l<1j\jj^i]\j c <LojJl 2J| oL>JiJa-^^Ji J5-JJ 


?• 


br* J_; M u ^ 


^->Jl 4j>s~JcJl j . Lg-Lo ^^-5 Owb Jj>- 
^JJa-s^d I 1 wLft 0 1 jJ L> i ^JLww 3 I Ji_oJ I jt-A Lij 

AjjJflj /jjJJl O^oLaJl ^JlJli . LaLoJ l>c-^>tw^ 

^y> £^51 ^-lAJ -So j*J ^1 ^ ijlSCoJl oM C *CoL*Ji 4-™vjJl ^3 

t( j yjg-^Q jl JaJ-P ^J_P J5 o 1 jjj5o jtJ - ^J>rJj ^Jl ^LwJiS/1 

ijJjl>- ^jjJl 1 t j j ^5 >j (^ ^ j 

dl5 Ui } I * 3 * * * * \y~\sJL^>\ 4j J&j t j& (Euclidian) ^jJiSI ^Lj 

S 4 C- f- 

t Lv_iL>^_4j . jl j_j 'y aJI j-* obbJl 

,t-J .SiUJl P ^sp bj ^ J v aJ^Iaj b ^3 ^3>] ^eb-Jl 

,^^U_>- <Jljb G ^-3 cj A^o ^-3^-^-bl e-bj^-wbij *bCl Lb e bbibb bL> 

b\ — i Jb ,J2L ju N Ob' t,'»jSjoboS ^JL& JUba')/! ,jb-b>oJ_j 


bsj ii iijJLlIj t ibLoJlj i jb jjlj ijbLbl Lg_la j_b- ^lll OoSjj_wOoJl 

jJJL ^j-^-O ^ . J-jO->- l -g -b o L il ^.Lp L^bLb-w^j t AjLJj 

Ijj^xjI /vjbii ^sbcOubfl b-bljl b I ‘UjJlp j! <_jLL*}U jojjJi ^oLbob/l 
(_$J joJ! JabcJl j^S' O^ b^;_i b/ b .(J^>Ol]I bL)3 jbtjj ^3 ijbjtp-l j\ 


I j-laOl .^,-^jll jLSsl! j j-aj ^Lc dp* O^bJl J-*- 8 Jbb^U (3) 

Philipp Frank, Einstein, His Life and Times, Translated from a German 

Manuscript by George Rosen; Edited and Revised by Shuichi Kusaka (New York: 

[A. A. tCnop/], 1947), pp. 142-46, 

jbO •caL-Oi - — ^~jJl O ^d aj, ii <, ^wLSb a^LObJ OLLs ccj^ jLp ^bbabbj 

Charles Nordmann, Einstein and the Universe ; a Popular : r 1 a il i ^jJ sV' 

Exposition of tlw Famous Theory , Trans, by Joseph McCabe; with a Preface by the 

Rt. Hon. the Viscount Haldane (New York: [H. Holt], 1922), chap. ix. 
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jg~u c jj >- T o'yLvaji ^liJi 

0^ ^j-LpI Aj'y t jj j5 i j /j_>j_!i 

^ p 

Lo^o (jU Sj .Laid ^J-Xlaj^a _jl 4 i I y S^j 

4 LgJ L y-*~* JjI ^3 4^_^_*2>jli .OoLill I n — ' o j.ip 

.5 ^j-Xj yy%> <1)1 4 i_Llli J->UL_j .L^SL y>z . j 

dJ*A5\_d^> jL^tpl ^3 4_LaLJl aJuJ_>- <<JL ^Js* jLS' wLijJ dJ-i y>*-i 

[150] LS -~S-*-^ ajj^-^iJL) CJjZ-f- 4 tlLLaJij e-LjJ_^_aJl ( _ 5 _<4 _Lp 

1 jJ>j')I\ j j- v g . J jj_SL, dLL" oji ^j>cJ! 8 j 

p. ** 

<JiLLj <nJ2--wJ — L^J ld>- c ^>-1 Cx°^ #l ^ ^ Cy° ^ ^ 
jU ^a yju Jjfc J OjlSlo J L 4^3 OjL*£>J 

. C-^i O */3-oJ 1 4_Pjli A-!L~~o C-olS jV I 4^ ^p*- 


^>-1 j-> ^-a 4 j A^JIj <L^>-Lj ^Jj O-Lk 

^ ol c->Lo-*_o1j-JI ojULo oL^^-aJ ^j_p i jj^Lli 

L AjL Jjd>t-a ^J| jS' ^ ^ 7 ^ a (j 4_***_3 IjJLoJ ! »J1 j L^-*-O l j_J ! 


p ^ ^ p 

^l_p ^ ^x_>c-j I ^ wL>~ L$ . l_*3 | id>- a_>- ^- . h>.~.,.- jj ' N ^Lx-y 

^jJl ya ^l^-’l ^i_P j->"tj) 4 c- Ja— ; .l a a 4 .. j ^_-_^a j>L-^l 

JlJL>s^JI j-Ld >Jl -L>-1 (_5~9 j o>i LgjLS" y>~ j j^~j 

j_^9 i yr y> j»JLp .Jaj*>\j- j-J-o 4^^ ‘OLd y 


Thomas S. Kuhn, The Copernican Revolution; Planetary : ; k ;l (4) 

Astronomy in the Development of Western Thought (Cambridge, MA: [Harvard 
University Press], 1957), chaps, iii-iv and vii,. 

aj y-A^ dU^4i S j£- 1^4 fs y J-*-)t : y~~ ~ ^ ‘VJjS y Ajfaj ^-La a jfs O-jIS” Jti J 

.*)£ 4 a USdJ *u— 6 j£La]\ i djJuM ,riAj 

Max Jammer, Concepts of Space; the History of Theories of Space : j laJ! (5) 
in Physics, Foreword by Albert Einstein (Cambridge, MA: [Harvard University 
Press], 1954), pp. 118-24. 
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,/^J>xJwa (jt^-s 4 otSLoJl .W 

OjjjaJJ to-AXp 4_&bc>va c-L-dil *L»J_*J! ,j_a jtxp <S y 4 4jllxc>ta 
jv-fjL. (J^_Sj! -1 _»j3-j 'li |j_& J ■ A — '■-A. i #i_>c_( S jlM (_5^-5 4_wji_i ^>-4 

4 j»JL*J 1 Jl dijJaAj Lo_a*^V^Ls .j jjUj <1>! Oj-»-<.la.".«^j 

4jLLz>i_i frL-jM oL^j U-g .'.,$vJj J aJ| j jj.la.ij U j 

LLaJ ;-^Xu i_lD.Jj . L^X*.) Lk-J CXjlS*5tp 4 

"s' 

p-L^L^Jl ^jjs AS' j-o->x^ Jj>-p ajLu! 'V ^dJl V_a3I j> j~*j 

^ f ^ p p y ^ 

iw^j>tj I^L$J Lv2_>i (_5 _ < ^ > ' , ^' ^ LwJkAj>- \j>- ^ 

olj ^AJl (J^_>t_lJl j*Zs>x-> Ol ^ jl 4_£- ^1-P 

oS I J .41*1531 oMUjNL J_*b ol ^kL AaV—l jl Ji 4 j*-*j.sl j-il Jliui 

b> jU t t^x> jtd-a j r - ^' _/^l j^ 3 tr° ^ ^ (JtioNl 

Ol jXX4 J 0 jiai*- a Jij>- ej! y>-\ /J^kj 'h! L^iUjuJl otaJoii^Jl 
4 ajljgj;,, Jl <dJLii .ioL^-dl 4 ( jiax^jl 0 jJL j c'tjjoj 

J (j! [JoJ <j-« o-Ls-lj <L*J.> d->,A>*_> jl J_» *y 

.0 j$ t> N jl 4(aJe>-lj 4ii>cJ 

^ £_si? j_o Jj £_vi5 J-O (JtiXj'yi l-L* 4-Ll_L*j! £Jw2j J LS” 4 (j-M 

i i_wft^LoJLi .tiiJjj j j-oJL 'y UIp ^ il 4 _j!^j>iJ| -> 

"(_r^ J'- 0 y.^ slij A*-> t) ^yiJl 4 — jjLSj SJuJ ^tLij <zj^uj^cj ^-*0 

4‘U_i_jjj s yi ojLaJl 4_s^L>xjj 4 ^»Lf- 'y tj- 1 

^yiXkkkjjj j*J j . ! AalxS j J-b^ *^-* J (-) ^3 1 — a-k2 j jiS*)l t^51] 

AjjiaJt (Lord Kelvin) jii5 ijjill Jilj N j / rr ^~S'jti 1 ijia^ 


I. Bernard Cohen, Franklin and Newton; an Inquiry into : j 'a ;l (6) 

Speculative Newtonian Experimental Science and Franklin's Work in Electricity as 
an Example Thereof, Memoirs of the American Philosophical Society; v. 43 
(Philadelphia: [American Philosophical Society], 1956), pp. 93-94. 
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cJ y] L^JLLaJ^ l a. , , ,, .. W L^k^Jl 4 _*jL> j_g_^sj I 

^Jaji^ illl ^^j-; Vuli (jjjj'-J » lS jlS j .^, j ji aL±*Jl ya 

ya yP_JLj» '.(Origin of Species) yVI J^>l ajIxS' yly 

a *> 

*yt t.. . wLLsmJI !JLa> ^Jb oUajtaJl oljJiJi A^w 2 j *>La IS" LpLxs! ^LSsla 
yjJJl 0jy>Jl (_$ji ^.Ls! <jl i. J^SLc* t ^-iyjl N ^y-il 

iS^'J 4 Wt^i jr^ (J5U>«Jl # yS” Ojy-j 

^j! jiajl 4_iLi ^aS\J_j . . . ij-A aJ iy u» .il^aLa j j l a. ' - a ya <, ajj 

jiajJl ^Lc- y>j.5li j y^Sva t yyJQaj ijL^i 

y~£La Jaa-*y Lo-S" / ya 4_Jl_>- a jiaj iJL-^aJI ^Jl 

4_!il_Aj>- l _ r Lp 4_alp o jJaJ ^yLL J-* J ‘ 0y*=-> (Max Planck) dJJMj 
t ( Scientific Autobiography) iL-a-Lt- A_Jlj AjL^ 4_yL>J! 

L^»a yva_>- L^pLxjl yj j-is yP aJ-jd_>- -CwOwLp 4_d_*jL>- j J- 15 - 1 ^ ® • *^(jLs 

*)L~>- LMj tOyaJli Oy$A~y Lg-ayuaJ>- ^Jj tjyjl Ojy 

IgaUtj j P y t_j y*> l_bJa>- 


(8)„ 


N ly ! c**>u y^l ^y-JuJI Cy° y* Lg->jL)L Ly ^jLS y!l e-L®> 

LJlP yi j j2j <olpl yj ^Ll>o L^ASO .-CS"lxJ! ya d_>ya ^Jl ^lXa*o 

jSilj taL»X*Jl ij! <Jjj l$j| ^yip yaslaj! ^2 -L>-jj C-jlS La 

LaAAP yt>- C ^ .jUgj-L j! Laul^ (j JjjJlj ^ C ^ 

ajjs ^3 t Pyvpy»jl (jl ^LjLS (jl t y[j . ijL*jy 0j-4-jL>aJ 


Charles Darwin, On the Origin of Species by Means of Natural : j 1 a jl (7) 

Selection ; or The Preservation of Favored Races in the Struggle for Life, 
Authorized Edition from 6 th English ed. (New York: [n. pb.], 1889), part II, pp. 
295-296. 

Max Planck, Scientific Autobiography , and Other Papers , with a la il (8) 

Memorial Address on Max Planck, by Max von Laue; Translated from German 
by Frank Gaynor (New York: [Greenwood Press], 1949), pp. 33-34. 
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^y> ajl jJl Jlijl jl .Uai>- jlj jLfcjj ^J-^ 5 iy~^ 4jjL**aJl 

^Lp iajliaJi jlj .L§^s> jl (Jj->«j ® y^ J-* (Ji 

>■ d—ajJl ^j-iJJl ajlj_* ^j-a H_ajLL»jl 4 4_^3l^e_JJ j-<*_*J! (_j-La 

S' £, 

c ^LwqJj*J| li y>- ^_Lp JwJ-io 


-^^ULoj! jJ_sp 2^3 <j}j) t AjI^ Jl>kj A^_s>>W 

aj^LSLjl^ Jj>c_j •<— i j*-*-ol jJl oIj J->lyJl oIjjLqJs* j / \ ^3 

^jjJl ^jJuLs^Jl ^-9 L^L>tl 3S 4_*_^JaJl <jl j 1 4-jL^jJl ^3 t Lg_L? [152] 

y-aj 4 JJl jJl (jllL<>Ji> jjl |j-& J-Lo (jl Jy 3 y2-a .^_*«ol jJl a ji^y 

P <4 ^ ul ^ 

jJJ.1 /^a Jy> 1 AjL^Jj .L)L»>-i L*JS l. ./? >W>J IA^XP 4 OJ jX Jl 

y*J! jl (j;.iL*Jl (jjAil j£> aJ|.s jlxLaJajll cLUi jl .LsAjI 

( jja jl I iy^ ^jX>r-aJl 4-laj^Ji AP-LaJ^- ^j>hXj jlj , Ujja*a jAj jj>jj 

SJjJlj (_gJ_aJl JjL*XL»al 4 jl jl 4 j_£.iL*JI y^-ll <_)!>!->- 

( j-5'-a_> Lg^aj-i Jjj>- jj-a j^xil 4jj_*_s<2jl Jj^ (_^ 4^jijfl 

iaj jl 


jlj 4 4P Jj^a J l^Xa ^Aa jl A-ajliaiS jU J j-iiJ! l)I j-A Laj 

.»->■ jj j AjU j jjjjl ( _y K - 1 jl 4 j js> ^JL * jty. ■? jr^-^d ^ ->~-*j.jl^ r Jl j-a*J 

. p—AjlSo^ !jj~ *j j^-aa ^ a-Loijjl jl 4 A_Lva Cjlji 

OljjaJLoJl j Ls 4^ r wJcJl 4j)l_U-jl 4 LaL^>-I 4 ,J_w>- jj-A J_l jl <jl ^-aj 

jU 4 jlh a_5 j(-P .oAjJj>- C-<La-*-i.il ^Sl Ijl (JjP”ad4j ‘U^aJ-JI 

Jj 4 I j^Xu f-La_L*jl OjS 4j ^^- a jt_P j-SL) ijj-L^o jl LXj jl jj>sdj| oj_6 

j^^Xa j ^aJjlJI Av’lixJj 4 aLaJ^Jl j_faiAa jl .jJJjS' jl 

4jl jlj 4 ij J^>- jj jajLLa |j_ajl_4j jl ( j^ja_i 4 0 j^>~ jdlSjlij 


a-H-a j I ^->sJXjl aJX-* ^>-lj ^1 A-Aj ^ ia..^a ^jl (J jJl 

4 ( j : yajlJLjl J>-\ ^S- A~LaJi yb jl ^jil 4 a y> Jj ^ J-li 

wL>~I_5 jj ‘-tj^j>- ^yA L^_15 A-X^^jjl jJJi _Lx»j^a 
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C- 3 J ^ > L— 3 « S ' Luj („) 1 L*«wLp C 1 (-U . 0 ^ I (»_«3_l_*«^x_a 4^ <_^J 4 JLj>- ^ 

.j»jli 4 _jLSj 

2 j >*- oJj ? ^-3 (1)1 Lu^Lc>«> (Jl^-wJ i cLUJJ w*1 j^Jl ^j_a 

olv^oJl a>c_>J1j 4j^>Jl .jp jl pbi^t cjLjJij ,%p j-a IJla (jl 

/j-a Lp yJ J wLj J_>- <J I y^j y£ 0 4 0 \_& i <J l_>- v_^-S ^_a ^_0 

4^L12_jIj 4_oJ^>* a ^Jilj J^j2j <1)1 l^J-P j .Jl*£ /^_a AjjLa J^sJo pJ ^j^l-Sl 

— - ^ ^ ^ 

o jialSl lILLj £_a cjjJLo tijjL* ^y3> La (1)1 ^Jj w^LsAjj .IJl>~ 

<— 4 J Aj>t^>cJ1 *L*_*_*J^ (J1j^*«Jl <J 1 0 j-5o ^1 

^y_P 4^AX3^|| J^P Jlj !l (J^_SLj LaAlP dJJ^^ 4 ^Jfljwa 

J_S" ^vo olj Lud^- jj (1 ) j_L-4j a I jJVI ^LJ-*Jli . jLaj-JI 

<* t- f. 

_ I jy£ L$_La ^J_P 5y>-J Ij_l_y2_> (jl ^A 3j>L*Jij 4 ^1 yj *)l I 


^Lo! ^j-a j-LS ^j — ^lp dJwLpL^t I JljI coL^p 4 cJljLaJl 

[153] iSL-fcj . (9) J^ISJL 4 ^w>=-s^ 5 ! ^Jl 3 ^jIaJI ^jL>- - (w )-*' jL^-° j~ij^ 


4 4 S l «3J I 3 ^_wv*j! J 4 ^\ ^Jl (1)1 LfJ -L> V ^ 

<1)1 6 ^JLLovJl 4 j j I ^Jj>t^oJ| 4-^a ^_0 



I Jl* 


v ^ (lO)** ' V 

^j,,Ia > ijl 4_>l_^jJl ^2 LlJwP t l-i_! . Lg_|_4 I jj LjLj?-I (_£.5j(_> 


Edwin Arthur Burtt, 772e : ^Jall i jJLS ^51s ^ S:>Lt- jjs 0 Lp v2AJa">U (9) 

Metaphysical Foundations of Modern Physical Science: A Historical and Critical 
Essay , 2 nd ed. rev Edition (New York: [Humanities Press], 1932), pp. 44-49. 
t(Lord Rayleigh) Jfj fjJ :Jj Uj jfj> <i j_jj J-c- ^5Ua">U_> (10) 


4_o«-<k>-l t iUjlj 7 ^n LSwjEjJJ! a « ■ , s^ijcj li>nj l yj s' 3t jl 

E*. j i Lj-Ltp ; j t- JLA] ^_j S-& .,„, . 'rp :: a^^.1 o' 1 

^J. <3 1 ^ 0 U»_P t^jYl Ojil ^5 i -Vjli i ^ 

jl ; 4 jUi X*_j ^5\J j . ((cjLsjLaIS^ 

Robert John Strutt Rayleigh, /o/tn William : ^jaJI A jr ~i5' oljii-epl J_J 
Strutt, Third Baron Rayleigh (New York: Longmans, Green and co.; London: E. 
Arnold and co., 1924), p. 228. 
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J l lil l LaP .4_<aJ_I>r_a ^JLjlaj (Jij^aJl 

^yjp l jj* jJ-SCdJo JjijLaJl £j_> Jj t j->-T ji 'jP LaL*_S 

^Jl 4 -LSv_JLa_II aiULi ( J - >-j 1 i_3 j-aa j . aP . 0-A_>— 4P j-a-s^-a bjj_P 

(_5-U! £c^t>ijl ^ijJl j4*< j-plpJl CCSjJl JapP-ll 


^yj cpl>J! CaSUi 



^jA ^JjLaail^ Ip^aC 1 J aC>-^Jl i)j£j jl ^JaaJPiuaJl ^jA 

^y^ll C-J^L^L^aaJi ,Jj>- la j).*, -I*?* ..vj ^ g 4 aJjalp- ^jp ^yS*i £ LaaJ 1 

SjL jiaj <l*_pj ^^Sval !i| t <_£l jJl laLftj .ia^l i_^\ ja-J-La]| ^-*jil ^Jl cols 
Ij-A Lg-JP ^y*i! 4 i(lg aaJi^ .cJL* 3 ^S^Sll Oj&a La Ljlp (,A&JjmA 

• i_pI jJa-pNl 4 JU- ^yS Lg_aS »_*-0!^-Jl Oj^Lj ,_yXJi llLIj ^yP> (_jl ^Jl 

o'bljL>t-a oJLip-t j cijl j_$Lj a_jS j. la-p^H Si-* ^^p i_aJlSLJI jLj -Lij 
itii-j _ ®Ca_aaL>eJl LPjlpxJwl® tjlj .<_£ J-*-i a j-a 4_La ( ^p*>L?tJl 
C~/^j CCS jP Ji CUlLS" _ j^waJoiljJl J^3ali! JappJl < _ s Lf- ajiUiJl 
Jp- jJ 4_il jj-/ j^w J"ij^ (_$U (J - ^ 

iCaljjj jS\ Cj <JjJaj CiL*CaJl ^a-aJi djjJailj C>sP^_aJl 4_l_S\_JtaaJ ! 

C La^avJ I l^^ail^Laa-1 1^ 4. .a/? j | 1 L^"*" 1 ~3 4jI ^j-i^-ai f a 1^^ 

t(jj_aJi oli^Lp J jL*JS 4j^A 0*!>L5L»Ca Jj>- jJ 4jl Cjjl ^iN c£’J La^ 

£-a ^ytkCo ^»l>ca«jl L5 -lp' Cali ^g5L]S ISCaabjjJi J-*-^ cl /jJ LuawwJ 1^ (ibj 

,a £ ^>JI rt-L*J 4 >Jla ejjaP 


jP li! 4j^_p_>- J-aC_>«_a ^jjJl |J_A iClaLpjl L)| 

C-ailCa jjaa IjjL J5LLi j cjwisl Caa-? i5i lCJj>J| [154] 

(Kepler’s j-LJ' JjIjp»J J j-cJl o^j .cCa 

(* 

jlS' ^ j-a-JJaj CjJii < _ ? il bLcal aiUj ^Jp Rudolphines) 

a ^ P ^ 

c—j l) wLS"^ » yj i 1 ^3 I 

1 (.,< I AawCcSsJ i ^_Sn_C* 2J i C«J 1 i wL ^ L*-«w4kJ Lj I ^ ^3 L^XJ 
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^cil 4 LgJ iCaL? J S i ^J_P 4 Cj J-I aj jLsAXjI ^3 j-lS^Vl 

lo o jjjJl lift ^ .AOo ^ Coli l ^ *SU 4 4_J ji-x-* jJLS"l C-o H 

^Lil ^y> iPj-^j (Bohr) jj_j S5^J (Planck) JjJMJ jjJli 

*1^P ^jjlft L)l jJl -> 4 L^_CcJ wLwi-^Jl 

jY— L^Jl ll-^ ^ L$_L>- (j- 4 cj^LJx-JL^JI o^Lj ^_Lp 


01 ) 


^jj>- ^1 p ojtdJl ^1 p a_^jL^<»Jl ^Lp^'SM ^ISnj L* i^^Li 4 

A_fcP^^j_ **W<>*J ^ L^sl • 4_) 1 3 C^tJ 4.1.3 L<0^ '^Lj 1 

f, & * 

<j jl=-> ^j- 4 S-33 jC-S*! CC-~*-J C)jJ2_j (1)1 ^sljJlj .LoJb 

•L^j^ po 2 ^' t5* jr^’ ti' ijl »j^C ^ ^ J 

^ ^ ft 

(Jj'S/ L^j^lpj .C*j 4 L/3 . H <l>-j-<Jl j . /?l l 4 j jJ 1 ^jS\j 

SlSs-CwO ^J*>- I 4 j j la* j 1 L^JC^3 II* £-L>*_> *L>c_>- L; 4 S j_o 

• Co Lj 1 |Y-lp ^“1 ^ O- *■ *..*.iv*-l 1 4^*0 1^5* ^ ^ »«*J 1 A^o l.l^-i«— ■_«. v L/ 1 jUNI 

^ <* p 

j-^p lLw>c-JI ^)-w<c> ^cJ! s ^UJl <l^jLow<JI ^ccj L)1 4 LiLw>-l j 

«* »* 

J«>*j c 4 jI«lJI i ApL*^j ^kj$\ jj A^i L>e_0 jj* /» Jal i wo Jl 

(JjLj 4 idiJi ^y^as^j Lojj^pj ojLjI o^-sljl^ji 

.UIp Lo-S’ ^L^sl J-JjJi 

lil j^C 2 -' 4 l 5 (J-L’Ll-iiJt diij ( _^ a J 

jL? Lo-Lx> Ij_iI C^ j*~o j»~! jb 3-0“* 

.wijLJl jt_jOij| ^*jil jJi 

(Copernicus’ ^ j£-J y^S 4_> J i*-’ °lj tJLi^Jl J-w_^. L _ r L*J 


Fritz Reiche, The : jiaJI c ^-531 ijjiij i-r->->- _jt o'^lSLill J-t (11) 

Quantum Theory, Trans, by H. S. Hatfield and Henry L. Brose (London: 
[Methuen and Co.], 1922), chaps, ii and vi-ix. 

. ^ oJ I !2 la ^ ci)LwJi ^J>-l ^lt ^laji IS yij}\ 0-tA ^5 j}>~ 1 dial ^bU?bdj 
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i_^S ' yS 61 j t jSl L5 j _^_xJ 61 t^-S'lj_£Jl j! Theory) 

j— 5"l jjiy 61 pJUJ! uly t Ijl jJ?l 6! S j-AjJl 

4 ^ . /? _> 4 — j jSLJdl I-^op^ . iJLiL**’ 

4 0jJ^jJt A?-jlj 4 JL>- -l^JLo 4 AjUj ^jA Ulp fpf^A 6*j 

4 ^stf’LaJl L ^S JL ( _ ? )-P j^3->x - J j*J jjj* *>6 La 6,-LP_J 

4l__ r ^S bwlc- Sj^JajJl ^1 oJ oSJlaLLJI 6iu 61 A?wkJl oJlS" H5S] 
o[S a6>- 4j jJjcJ! aJU- l _ ? ij . ~ ^^-w^Sn-LsJ! Cr* )->*-; j 

T-O JL5^ a . - /> i i 4^-*^ js L*^-« j-i.,., <9 -a 

j^Svo-j 6>.-Lp L^j aL»Uj aL>-La« <U-mJ j6Jl a«jUL«J| 4^->jL^_i! 

J6> jS y> ^ f -UaLo ou2j j ( _ 5 1 p jUjJi ,v> (Fresnel) J-1 jy> 

6 4 /Jnj ,tJ Aj>cOj OjL? 4_LLLj _ 5 .(_£ jjli ( jJ? ji 

i=r~fj LgJl 4 A^loJl a_* j*a~~ Jlp -1 6LS” ^i-ll 4 (Poisson) 

(13 ) 

JSj . J-ijji Aj jiaj 6*^ 4 “ _^»P idOlS" 6 Jj <■ Xi J 3j^ s 

a^-j 6Uij 4 2 -a aj! ^j>s_p»=J1 i y*» ^-jjJl *— w6l 

p *’ 

AjjJajJl yi r^ii ^_1 L^jVj 4 Lfc jJ^j 

s* f. 

^j^>~ SJjIjJI ojJLil clJJj (j!>^x-wul ULj>-Ij .4jIjJ! 5 _u Jj>tJ \ 

cT^J JJ-* j-J» J-9 ^>>jjJl J^£ o j-kLlaJl C^jIS" 

^3jJL> pj ^X-*_3 .Lfp- j-XXj ijjJa-LiJ > -Lij J J I 




LjJl d j-ftLl? 4_£ Jo a»L*J1 a_ 


461 aj ^ W .■ H o I 


j jS*-\ jij 4 ijUaP i S j-^-1 ^jNl aIxaj aS j^>- asj 


Kuhn, 37;e Copernican Revolution ; Planetary Astronomy in the : j — la il (12) 

Development of Western Thought, pp. 219-225. 

Edmund Taylor Whittaker, A History of the Theories of Aether : j ia 1 1 (13) 

and Electricity , 2 vols,. Rev. and enl. ed. (London; New York: [T. Nelson, 1951- 
1953]), vol. 1: The Classical Theories, p. 108. 
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. (l4 \±US o-j to -Lx <-tU-L b Ujlkia I J^a!} 


I c LgJ-5" Ju Aj>cJ' I ^ j-J l <L*-3 1 -L<>J 1 ^c_>^->c-j l Oa.^_Li JjLl 

1 Lj^^ 5L>-J I *bw*»v»3 Uw^ O^taA-5 ^L>»1 ^ C 0^ 1 ^ Ci* A *li£^J 

1-* ^ I ciJuo^ . o^> I ^ju>- 

^ £. ,, ^ s* £- 

j j^/2-o-j cii-HD N l>x_4 ^ju 'l*-vJ i aJ-LoVI £JJ *)! j .LpljJSjj ^j>^j>tJI 

jl ji 4 L^-wuAj ( j^5 j3 0 ^JL)1 lLUloJ V L^bSsJj .iljl^Jl l£lobU>- 

4 Ja^>cJl .J-wLs wL*j Lg-Jj b c— jL-^uV cfJJbj 4 4_£- 

^ \ pLoJj^JI l)I /jS s^j jSjc]\ ^y> ji>- 1 ^jj iiL^A 

^_v£> jp L^-Ls 4 oJ_Aj . A_) wL>- j*-*_olj_> < =L>tl-1^,^.o. 1 jt^ 1 ^ 

j\ c— . wjLvO jA L*j b ^jiJl b> i 4j>~ bLLu ^A 4 LS" Sj ^-v2-> 

^a)) j! 4 ^ Lwo jZ£\^ oJjJj>cJ1 4j jJiJl o L j <JL5j jIS _ ^U->J1 




[156] j| J .<ta_ijjajl Aj^JiJl ^itLj jS I 11 jl t ( < _^5I <U— *lLa 

• OLwiL) ^Jl ^-3 Lg_Lo ^ ji-*il <LjL*J ^1 a-L*. ^JjL« jjbb 

,bl ^2L,/2-a j--X e-LJ->c-]l LL>La-*-Oi j-Jl .^J^Vi LJ I j 

Jj>JUJ] ij^Sb t aJL»^>J^ i-£LoL>- (jLSCoVlj ^ty^Lj L iLu>~j 

oljLxxVl ob t cilli £-°j Axltii ji 

i-x.ll>&j .Ul^-1 o ol AbL^->bl 

I jjbJ] jli toJjJ^>- Aj jiaj ^LJuJl tibli I^J^- Vi LJlb 

AX' j_w j J_«jSj ^v-! • Aii! I f V <j i 4j j.]j,^.i I a 


Ibid., vol. 2: r/ie Modern : ^Ja-il <• 5_-»L»JI i~ Jl *-iJ&u jjJ^J Jj- (14) 

Theories, 1900-1926, pp. 151-180. 

*, £ j£i\ ^dis i£ j^-j Ai_ J&u>\ b» 4 j i — 2>j ^Jja ^LAis^Aij 

Paul Arthur Schilpp, ed., Albert Einstein, : ^ ;jj_t_ll LiL- ^Jl ^iill iS.ua.Ltil a^Lkp 
Philosopher- Scientist, Library of Living Philosophers; v. 7 (Evanston, 111.: [Library 
of Living Philosophers], 1949), p. 101. 
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j-oJl Aj ! l /^$LJ L<J 4 5 j-^ 4->3 j3 4 — 

t5 * * 

.^JSsS ^o-L*Jl J->tLJ! ^->Jj>J LilS* l^jjiaJ 

4 A»JL^J>cJl^ A^^jjjJl C^l jLjlp'y I 0 j_A A«wo_Ai 4_^w 

^jSJu L«JjwO .^JoaIjJI <J jj>- jj-U ^-LSI <Jj^>J| j^LLl ol 

Jj>- «Xs L 0 J 3 -XjwLL^ aJU 4 AjIjJI ^9 AjJ_>JI ^Jl 

if !< 

4_tJ__L_J jy.Ia ,*— a jj^Ljj 4 4_X_g_>-!j ^oli O^A_^_>XwoJl *^L^_Ls l,iJ_P 

j^C-j j^.j^ .(jL«-^il {jt- 0_3-S^j L» -i_*_>l (Jljj N o*)i$v_JoJi 

^ p 

^xJI < * fT l ^SLl! LLj^so _^><J <jl jJ- 4 j ,_^Jl 

L-oJ-Lp^ Cj ^J aJL?l 4 ij^Lj y~<$— *J_Lu La jS$ 

aj>«jl^>i & 4^j jLa_f c->j->up ^ aj_4 *1 ajl j *y 1 <uj ji ^'y 

^_A aJ_A CU-jLS^j 4 ^L>t^o 5Ju>JL>J! oljUJl jJLSsJ o“>L5LJL4 

0 4 p. 

0| 4-a j>tfls ^3 L»— lap L>-L>0 Lfc. 3 ^nj>t-i ^xll aJL— oJl 

.tjj— sjiLi oVL?- Jj jjJ j_lp f-L*2s— —11 4-*JLJl 4_1 L>i_£ o»*blL?- 

j»J> (jj—\-> jl .!_*_> _j 4 JaJL3 Jj^Jo 0-3 j f-Lv2_4jl 0*_i «ul oUJt J 

4-«_-<iL>tJt ^c-^x_?rJl j^-laO 4 4_lL<k_*Jo4j 4 j^ij 4 jt— *-).slj-J! j-)j)-lfl..[ 

ij y>c~) j»t ^j*^! ^^J-p oL* j--i-l y^y^ ( _^ , l j-< J^° - ^■■ > '“'2 , 1 j-ll 

jjj .*UJl 3* 4 ju f-\j ^ Jl ^ £j-J\ f- j.J>.}\ ji 0L0J (Fizeau) jj-i 
J-i?Jl ^ jjj LgJ (j— Jj 4 j»-L*Jt ^jA f-j>- 4iiJj ^lij 1 

.aj^iJi -i*j ajjLs^jl 4_-xS” Lwtj 4 (J_^~ 

Oj-S^-J 4 (J-^>til 0 ^-o-P ^j3 j 4 lili-j ^vaj 4 _)LiS" J^-3j 

p »f ^ ( 

(1)1 wU-l>Jt jZi+i SaUu! 1^3 Llilix^ 4^43 

p ^ ^ 

^1 ci I -La L)( Lpj ^ 4 ^ L^-Pj I j^S' 

* f. * 

^jA*-> -bJ^»Jl ^Jbu L*Js> j .oj'ii JL»^ ( __ 5 xa- 4 *>LJj 

.aJuJ4>- ^«UaJ jA \ j}p < jr^-’ u 4— ■ <^4J tj-^asl 4jvJbo> Ot>lSLLiJl 

4 OiL-X^oJi o-L& A^a>-1 ^-i>J OpL— S 3.UI ( VjJX4>-) Z^-SsJ^ 
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oJ-S" j->-1 — ^Lj-Xp-sJ) U^S" 

[1571 ^c—jJlj t (Tycho Brahe) j ^JUl 1 

^z-Si jA L^g» ye- oLj-^rcJ tils' i o jJmJl AjjJa_i 

<jl dUi i—iLSsj .■ ( j-~>=j>-lJ t-'LS" j <, j^ajujI jj 

(jl t LoJta c 4_) j lajJ I ^jS' / pti LL oJ I 

4_gj>-j c j-°j c wL> J_>J! ^LwvJLlo l^_L>t_} jt-i o*!>\JxJLo ^Jl 

ajj5 4>*j>- jj-L^Jl (jl ^>-1 jl5 Jjis .aLJI o*)l5LLa c^vJ ^ jJaJ 

t^LJLlSl ^^->~ j| A j -La/? O^JL- v_>- A j jJaj 4_>c_La/2-^J 
fl— L& ^ . l ^ i a.— i .O 1 t ^ I Aj ^ - 1* 1 . ». l I ,>%— ) • C'Lo.J I L . - - ^ 1 

c Ujj j-^JI (j'* (31 / L>LS jLp j-^2 j>t_) s j_aL 1? (jl aj^ lg. l! I 

L^jL j-LtfJl aj jJaj jLs^ 2_)I Lg-Jj jLil -lS OlS' 5 ^^UaJl 

(1) jljjJl Oj^> ^ >-j . j*-A j] i_> 4-gj>- j_) <_£ jj J_La>j 

l< o' 

jli t (jLlaiil (SJJS .1 Jl>- Lj ji S^h.S aJI j a^>J1 CKi ^ 

> 

^Jaj>~ -LtfJ jJ-dJl 4j>cJ^ / 2^J (1 ) ^_S\j LJLp d)l^-<aJl aAS* 

0* f. »• 

^3 1-Xaj>uA jtS 4 W 2^')/1 aS l>- 


j»LlajJ <ui5 LhL*_a oL^ ^-i-Jl c^-^LLaJl t 4 _aI j-> f~ 2?-i (15) 

John Louis Emil Dreyer, A History : ^kil iL~»Ju^Jl Ls-U! ^ t i _ s £LsJl i^jSi^yjS 
of Astronomy from Thales to Kepler, Formerly Titled History of the Planetary 
Systems from Thales to Kepler, Rev. with a Foreword by W. H. Stahl, 2 nd ed. 
(New York: [Dover Publications], 1953), pp. 359-371. 

James Riddick : ^JoJ! ^ L^L>»J j 0 y-~~?r jJLiJ! LjJlJ Sj-i-Yl Jl ^>U»b U j 

Partington and D. McKie, «FIistorical Studies of the Phlogiston Theory, IV: Last 
Phases of the Theory, » Annals of Science, vol. 4 (1939), pp. 113-149 

James Riddick : jJjJl ttyof-jja™/! L^aJ LLSLill J_p ^bLLbUj (16) 
Partington, A Short History of Chemistry, 2 nd ed. (London: [n. pb.], 1951), p. 134. 

Hermann Kopp, Geschichte der chemie, : ^Jai! j Jl i~~£ J\ Jp ^ASbU 

4 vols. (Braunschweig: [F. Vieweg und sohn], 1843-1847), vol. 3, pp. 294-296. 
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4 ^ y *A ^ L> S- ^^ a^xJ 1 yJ y*J 4 m3wO*>«v w > ol 

c jL/?i^-Ij_^ Jj-SC&j 4 o^L*-<JJ c^LL^aJI ^Ji 4-wwvjJL) a^jjIj^N j 

(; ^J-^ ^j«>3 ‘^J.L-Jl JJwO ^^-xJ^wO— 1 1 ,*_*_Ol ^j- i-P o^ ta| 

,J->- ^J_P 4 O-*^»0jl 4j jO_9 ^ y^fi 1 j-y2->c ,J2_J oO-Ow*Jl .^o ^3 jJl 

tali .l-0>- 4-LJ-3 ^ j-^ta oIjjJl! ( j^> aj_L*J| ota 4 0*>l5taJo<Jl 
<UjlJLo (jl5ta>i ^J-P iJLtao oG ^PO ta»w^ 

,{jy^y\ ^Ip oljjl! ^jUl jxSj jjta t oL>-ij^ljJl 

(J J_>- 4_£_JL?xJ I ^2 C^_^J ^-<a-*--Ol j-Jl Jj->JI GO.}! J->- (jf y-& 

4— •* ta— ^ 0 4 1— ^ 1 1 P^«34 j ^ ^ .*Q I ^J— 2*~ ^^JlP ll o^*X.A-]i 

4jtav-« 4 tiAta /^>s ^ J_) 4 ^lvww<>Jta . wl^ta j^xil *jJJju ^lygj 4 ^ 

CjVl$Lw 3 ^ CLonJl J^j*^ 0 jiv. Gl ‘ — ^XJ (^1 

** «* f. p ft 

jujii .'Alois' *>ta- i^_L>- <gi iji t j-o ^jauw 'y 

aAjJ-JI OjljltaxJl ^y*-> ,yji ^JL jJs2j Iji jJ 

s* « 

L_Lys Ojtata o' 4 <i j j_U jl jJaJl «diJ jJ Jj Mj c L^-^>- y^ jt_L*Jl 

. 1 jip j ^Ip i < _y~y A y^ ^UJI ^1p J*' ,a ->"^)-^-> 

ft s< ^ 

lL(J^ l*j2j l)i A-lp Oj5w3 aXp^- yA ^3 lj_)J->- lo-A_o! yj \*jC>.'l>y J 

ft ft s* 

o ^5 sj 01 ~b 01^ c ^3 ^J*xH U-L>tX^ 

0 J^y]\ 0*>L^iwaJl 4j>tJ^-*- a y (l)Ll 

y J-ii jj ^jiVl olj tijLp j^xJl SjjjoJl 

^xp oii_>«ji /fSLoj y jJi «»iiji ^y> iji ji i)\j .o^> jj^-LsJi j y~ 

j j ^ i3,j 4 xjL^jI ‘^ajVvJ 4)1-^ ^«Ul i ^x>“l 

La Ijilj A^ajS'l lj^^>cJ a-LaJ^Jij .A~o_ft'i! cilia Jiia 

“L>l C~Jo La Jj>eJ i J !-ij! j j-^jg, i j_i 

y>Sjj ^ ojS/i 0 i-S^j .i*— alj s j j ) .., ^? . > dUi5 t_5-Ul ti 


[158] 
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p— oLro->^U ^**L*-ul ^ y - >~j /^® J-> *y\^ .LaAj>-j 
*yrj cy ^ •^■dU-'j' (_5^ j' L-L«-f- j*-i j-!j (• 

^\ jju*y i ji. ^ Lp *lj_*ji “^a-J-s s jjjj f-^Si 

c- , Sj^jLP v ^ , l V| LjL»>-l Jlj ljj>-| j5JL Nj j^jj^»rJl 

cjlijt iiL> j 4 -^-Lwv^ A_g» Lygoo»l i Lo— >cJ !^ A —.y-:?->i-Jw-_; 1 

^_>tJ>tJ'l ^..-la-^a (jLS* LaJJo£* kJJ I j LJLP \ i cLLLa L^_a- 3 CjJ y^~ 

Aj jjOU <JJ-aJ3 LaJ-L*3 . ^C, y >- 1 A^O>- j ^JL> L^JLpLw^ ^SC<>^sJl A-jJilSl 

o^UJl ^ (De Broglie) Jlp j ^ aj ^ iaJ jl i^JLili ^ j£Lj j*jS 

.« j! I ^J-p {S .j-*— ^1 <j-* L^_^3 

^_Lp p y-^^ .^jLJI Lg_>Ls i^L*Jl a_> ^J aj 

jJ-p Vi I^j ^%-J ^xJl a_^j^L>cJ 1 t i u*jj 3j y^ 2 ^ L^jLw] l^>- 

.l^L-s^L» j-!l o jjl^ ^jl>- O^ 5 ^ J-lsi 

C j-w’-'b/l ^5 C j j_d_> oJ*jJw>rJl j-Jl L)Lj ^J>- j_> N I j-j5ij 

^JJi d^lji ( j-« J-JvJ c LoLoJ ^j^Ss-*Ji ,^J_*3 .A A_jLi^>- ^J»s^2_>aj 

o j ^ j dLta o . L&jo>-^ v — oJ-^J 1 J--!u3j 0 jjs>tl-£. j 
aJ J_> 'V ; j ^ jJL J 2J5- ^1 jJ-! O y^-i I 

A.L Aj C>JJ . ^jJl 4 (Jjl ^3 ^^Jojpjl ^2_*0 ( J^Z 

Lo lil c 2-> ,: - :>c -!^ lLUj ^J^y -L^ 3 t y$ La>JUp 

oU c aLJ-*JI j .<_£.} I jil a^>^l>- o V t ca 

. c^Ua^oJl AjLgj ^ c ^jij A^>t>~ 

Jo ! JJLo jA >JjJj>co La (j| ^J-> ^ AP ^o_>co 3 J ^>b_j j-aVI 

.A_J^oJi cIj! A^ jj! ^OJ jj 


[159] ^J^- /*-*»oi j-JJ 0 _^Lj L)i Aolj_Jl ^3 

c .IS n*j> /^w<>-pIjJ1 ^1^3 0 o\ IjLo>“Ij t/^-wo-p|jJl 

O j-J^t-SLo^ 4 AJ jJwwuJ>c»j ^-^-aL^ c-^j-A jl5 15 
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tat j . <kj ^ .. +*> Jl>cXLoJJ ta 4 4jLtatata| 

^3 j^cs^j jl 4 J jjJLjl < (\y^ Cy* otaj tJtaxJl taLta ^-<3^1 

4-3 j-y> 4 0>c_L^2-a ^ ^j| 4 L^j jij 4j*jJLoJl (jU 4 4sS 

v_Lt5C!l y>s^jj 4ta~ip ^tal pUJLp <lJ| J Ju-U-p j .Uojip ^tajj 

4 >.Jj U tJ I 3 _A^P yJ l_5\«0 < ,3^-yJ 4 Lw— «--n3 . JlJ Jy>cJi ^ — A-J 3 I ^wJ i P 

^-LJLwowij .jv-^otjJl ^J-P 4-J~^tal ^_lS\Jl j 4C3^LiLoJlj 4 0lj^)Nlj 

J^oJjIj 4oJ_jJl>tJl 6 jiauil 4_w2^>r J tjX^3l ,*,^-0 4 L^2J 1 (jjj^ta ^Ucjj 

^ j-yj ^3 .^JLo ^ c (JP j*Jt .*_l_*Ji 4 _sa>jLo~« ^3 J_)uX>tJt 

Ljtataj ^ J>- .^wJl jLta ^o jliJl /^s ^Jta3 

- ta/?ta«t-Jl/I Ltata Jj^xj (jt 4XtaLo-> ^jJ^oJl <ji L p-^-A-yg ^ 

Lota ^wta^ta 0-\_o_) ^ ^ Ltao ^3 /^ta ^-A-*_^» IjJLS" _ { Jc^ L y_ 


Pj) 4-taiaJwC J~^ ^^LiLoJt L^_3 ^z-y^LJ <Ua_Aj -L>u 4jLi 4 i ^4-L*3 

pta ^jJl yJ^>"jJl Oj (J j-aJI ^3 4-ta- jJl j_£ 4jtaLo-J Lo J . <ywOwLp 

1 jJt ^_3 4_^23 J3 4 LgJta <XX_£_a Clta jpu (jt -A^j La^LLoJi /^P 4 — *3 j^Xj 

.LoJLp j^5\j (jt ^j-P 
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XIII 


j-xC 


j jifldS 4 jL>L^j\ <1~> L >c-i.s^-] 1 d— 

j*J lLJJS .^JlL>w>-Ji 0 j_A <lJ 1 , l,..yg.J (jl 

^w-^JVj cil-^vw^l j 3 {jLS" . ^t>c-jL) ^Jl d)l L^jl^<>_> 

J3 Oj-^v-s t ^U-vj2j 0*-9 jJi 4 Aoli C ^-LaJJ ^<>JL^.^Jl j ^olzxU Aj j_A» j_>tJl 

4,laJa.>tj -jj-U! ^JLoJl ^JJLlj ! ^_A j t4-s^L>- aJL^3 

ij^JajJl jl ( j_aJl ^ji ^La />wlij‘ Mj c Jj jbs SJUj CjLOj c*>LpI 

cjU^lOxL) j^Jz3 lLs IjLjlaI ^uJOJl J-aj bL&J j! <LwwaL^J! 

olibl _ui Jlj^Jl IJl* ys- 4_ol*Jl 4->jj>~S!\ U ?L_U- L&j-pjJ ^yJl 
Ob bl Ob- L^x>ej 01 i t JJ .Oljbtbl flj_^ c— J-vi? 

Ob-U £y>-j 


<_£ j_*J ^Ob Jlj_~Jl bj->- <-)l ts^_»iLw>i Sj j-s»g-i j t ia_>- v y 

^xjl (J ^JL>*J| ^Jj Oj~-b ^jyj ? .,../? l ..>tL^ 4 Lp ^ ^-i. Jan ,. /? • > 4 . A-bbLj 

^3 ‘li*j ^iSl ^-j-O 5 jj IJjSs 0/j .bwilj (_3 jlu LLtS 

^UpLaJj^-bl ^ j_L*Ji Ob bl b (J y>~ 4jjb*j| C-J *jb L>c-^J i 

Lgjjl y U oObl_>c-oJl eJ^J Ob’ J Jj .\JL>- jvJlP- y& y >- T ji 
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OjP ^ ^pJJ ^ ^JajLwvJl ^LJw^jJl o>l jiiJi 

>■ £-i j-*-> L>Jb 0^* ^-ft>LiiJl lJj ^ 2 l_>c_oJ i p y +-& ♦ L y 

ol ^3 <JjJL> L (JbuJl Juw^w*j ,^i_*-S . J)-lJL<aJ I ^cJ. jg ■>/? ^Jl 

»^y^-J L^2-J5xJl Uli' ^^-Lp jjj_>t-) 4-iV ^y_L-P .^^ojjJl ^-J*-P 

jl jr y^ bl ^^2 jLs^->tJ I ciLL' cl)! jJijli O O^ ^=*~ij 

# s* 

iiUs> yZzZ U LJlfrj .UIp J jJbdi ( JJb~ (J-*-^ iil^ ^s- 

. 4_^~*Jl cd^j j ^jUd did J^P £jl>- jA y*J t A^JiP JJpIp jlij j 
j^>cj 0 1 id j-*-> ^jSd_> J_fl> j ^ L*— U i — sj jju ^Lp j-dSd 1 4 _ ajjZ (_}~&^ 

JJdd V liLii t dills' ^.Sfl ji> % ^U, jl jJIp dl ULJl 

jl 1 j_« iii>i_4 jj — jUJI j! 4j< — JaJi ^Lo_Lp iJLi ^tJbsu^uZi\ V 4j jjZ 

j! ^JwaJL>s-dS .^~Lo d~« ^251 iS yb\ ji; £ ^.-dl jSbz 
^d_*Jl ^i_j>- y£J>-\ l^id ! 0^>- j-U jS ^-Lwu ^Jl Jda djLj j^-Sj 
iddl djljyZ jj ; I j ?“>lla l c-L yjb\ jvlc- ^Juaj jlji^ ( _ 5 1 p «JJd! ^ 
2/ oj_& ^Jjdj3 jl *CSd-j d>- jM ^1 ;*L_^dl ^1 


A *- 


Jdl 


fd^’ 


dLL* cdl 5 SSI 


r 


(JUj's! 


dJJp (j J-So j 4 (_^J_3 jJ-,/? -a j^SL) {jl ^J-P t— oSzZ^i L^jiS 4 ^JjJ 

(jjJt ( — olpj^J^aJl Lj_Up io-jlj Ji jj! 

4 .0 L^_)I^L>tuIj LpLo->-| A^y\J>Z'] y 

f. {, # (• t 

lil d> iJd~^a ^j3 4 jv_5s J .S l ,,.,/2-H N I {jl is i-o-g- 4 1^1 b^i Za 

djjizdl ^jh-XJ ^3 . ’ J io-<lJ I y* 4^1-1^ 4 Ld-p ^ 

0 jj jXj jyiL^S^\ jSf j> 4iUS S J-^i .^LoJ^-Nl j*-LJ! ^y> 

l !iU^3'yi (J jj- jA Lij I jl jl ?p_L*Jl ( _ 5 ^*- a 


4 L) J-*J LJ j 3 -L*o O^J 4 Ajdd-I ** I ^ ‘--Sip 4 L? -A-.J I diid^J 

jJbJl y£- UjiSdl ^yS .X j/ ^_jdl -li-'lj jJ| J& jl 

^3 o_Li_LP j j yZ>\y>\ p[jOJ Jl ^UJJi jiJ! jZLa\ Jjjj .a Jjjji j 


[ 161 ] 
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di-Jo u^L >-j . L y ? J o_jwL?xJl Jdl j! t LjjjI ^^-v^La 

4 Alt .9 4 Odjiji U-5^X-^ d 


t/>ljjL^Lj t(Vasaro) jjL^lij (Pliny) lj -L-_L J-L* j^-djj-aj i’LaJ 

(■ j^aJl (JIojCL^I ^Jl is jias*cjl ^vo JIwUjI dd ^ScUoJt ^vs dL^Jurf 

^i-P 4 ddvJL^J xLX-^-dajl , - Xj ) ^yj> Lx^ 5 ^a-^Vl ^J_la_ll^ 

^JJl Jim ^ Uj C p U J\ dJJj . (1) J!jJl 

^j-$0 j*Jj . 4-y2-^jJl (J^^->~ < W?L>Oj 4 /^O 0-L> 

^j-o 4 j j->c_j \ j-AJLxj ^ _o_a> j-JlS {j-* ^} (Leonardo) j^jLi 

»L*j ^ffs>- j . J-*-> Lj ^ V 1 L*isti> \ ^.. ./?.«-i ^»J <J jJL>- 

4j2_A_dsi_> ^-Ua-^2 >0 oU 4 d-oliJl (J^LdJl clLL 4-J23 jp 

^)ljJL<^ 4 d3 ^dpi ^zJl 4 4 j^wLJ1 < 5 jj>xJl^a Lp>- ^^jJl 

I J Ld.X-2 P Lm^J ^S 1 dd>r_<J |^_! J . I ^ ^ I ^ ‘ 1 ^ ^i>*P 

i ^juSLxo d^->cjJl ^ ^L^SLidJl ^jiJ! ^Jj>c-) LoJ-XP *lJ>L>cj! 

^3 ^L>-j .<L-j|j-Jl { \-a A^il Ly a j I LwLjj 4 JwJL<d_II c_s~la 

^j-o 4_£^o_*Jl ^jLll 4 jJj ^ 5-® Ldjj-^-s^ Lj_>- <L)li 4 LL*Ij1 
4_i 2_^> jajJLiil (1 ) ^"^Lp IS -jj-^-j j! wL> N L_>- jJ 


[162] 


4 ^vJj 4 4d£s|jJl Idj J-^-s^ 5 4<JL>“ J5 ^lp J 

<ui Ji>- eg! djjj J) IdL iilj^NI 3 )° 


Ernst Hans Gombrich, Art and Illusion; a Study in the Psychology :_JiJ1 (1) 
of Pictorial Representation, Bollingen Series; 35. A. W. Mellon Lectures in the 
Fine Arts; 5 (New York: [Pantheon Books], 1960), pp. 11-12. 

Giorgio de Santillana, «The Role of Art in_j ‘97^ a — il j-Wzil : _»Ja2l (2) 
the Scientific Renaissance,)' in: Marshall Clagett, ed.. Critical Problems in the 
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f Jjtlll O ijl I^LaJ t g 3 A_L5ldwa LwoLol Jjaj .j*J_P AjI 

Aldio aJjL>s^>J| oJl* ASjl^a j (_£-jJt Aji>- *}L«J L> o^j_b>- A^^L?- 

jjid jt Idlp j t aJLU»I adP Aj! ^JlP Jlj^Jl dUJ Jlj j .Aildftlj 

aJUJ! aLdd^L <. L^-LS” o^UJl ^^Lp l^da -d>-l j Jj? 

A_oL*Jl Id ) j l?.,i ^*dLp ^Jp- L*jJ->- l-iLadpl f_>=Jl da-d*-~**i i o 1 
ol LdLpJ .A^ujlaj (_£.ijl dpdU-Mj ^«_L*J! JsLdJl A3 *!>L*JIj AjLL*d«Jl 
ya L^L>«> .<waLwjI j-A rdlli C aiLaJI ^3 C j-dpl La jl ^-L*d> 
((<dwawLp A_P- y^a yA^ ajLp j Ip aJ-A-d ajLp L)Lj C dU.3 

Oj_>-j dpi _A j*-' aJI £-l \ jJlj .Ldjp <J ^JjJi J-*A jj-a <j! Jwd— a 
A_jV j*_Lp Jja jl t jr-Lp aJN JJLpJl ^JJiXj Jug_i .JuJLs Jl—3 j-JL^sJ! 

*? a Jjid 


jl (_j3L«Jl jt_L*Ji JJLa jdda ^.Lp i — taLaJ ijNl (JaLddLs 
ioLxjl ±ZJj>- Jjjj . A.,^,7 LsA 8 J>- j jjl yA Jjli 3dp ^ilJdj lddi _9 C j*jUidi 

jl Xp-J jj y\u2lA ^wiLi ^»Jp daALa aLdlpi dl 
AjildP-aJl A^aJjiJt »Jlj!_L>cdaJl ,yA>*-tCj L>JJj .y*jj Jill y d-<lj AP j_a_>t_a 
w-jIp J 3 j^du Adlxd— j*J/I dA^UJl dlL ^3j -L^jli dJ^L^ddaJl 
tdplj JjALo (_^l Jj>-I.3 /j-a _JiJ La li! Ajl ^P ■(£_*% oLaJuiljJ SJaj 

£'d~*jl j J_4_*Ji Aj»do olj A j-P yA ^1 aLoJp /jA AjjJj^i CdlS'l al j^j 

J~^a ^ipj S diJj t 3 ^Ad»- O j5\j O I L^jdL*_i v..A..,!X 3 ^cAf-LJl 

c LiJJ li wLfe I 0 15 '»-oJwo Aj I UJa.>- N 0 i t <J Ll<>J i 

<3 JlJ>c-" .0-1 \ A^^a^J>e-<>_ 1 1 ^J>-jl J-3 J ^LajJl ^^5 0^ 

. aJ 5 ^jjJl ^_a3 La 2 j5_j Cw? j_p ^ c)j5_^- 5Li_aji . L) jj & Lt 

J j -wv^xj s $ j^. >.v,L* aJ| cJw UL& ^-^*3 yj 

^1 ap j 4 ^ (Kantian) aJ^JISCI! iJ^i-SM 

A-P-L^ja ^3 ^J-P C AjLa J_ i>a 
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AoLj ( \ r a J £^Lwa £"L>«-> J~^ 0"* <1)1 4-£->* 

^J^*-Aj Lob L bLv^o Lib b l_J . 4 ^^_oj>s_o-L) ^^Lo~>bl jljfcJ^/l ^Jl ^Ls^l 
J-*L« b-Lta 0 ^** ^v^«-Ld c p JJL o ^oJ_*Jl (JjJi>JI <jl t l) jj-Jb 
^^w-wJl L) 1)1 j J> . 4-0 jJl Jl ^j-ujIwLoJi ol ^ 5 -^ 

[163] J U ,.b 1 *y[j bJblbJ L^jwo Jb j 4^bbi>i ^jI-LqJ JljJl sy >- jJl 

» ;-w»* .J^ t <i~JbJl ij| ^J$Lu ^jj* j . js *-*)! I ^j-ujlwLoJl ^v-^L 

1) y + la_^ > jl ijljw®> Jlj-> ^ aJ 1 jbj-J C Lo-UL jbL>b j*J C (JIjLoJI 
<1)1 J cJlbi jo 4. : W.^ jS/l aLJJJI o\ J_p N & jL.^jl cJ j_-J-bl) 

. >Aj£J 


» ^ ^ p. 

0 j^-aJ I ./» J-*JI ^3 Lb_>l LaXjj ^jJLiJL ii ^SbxJl 0 0 } 

-Lj-L*J| llb-A Q\S L 0-U-Pj t *-Oi j»bJ 4.JLt Lov J I 4_-J-aJ_ll 

>L>- L» C jJLlJl ^J-P 3l_>c_il ij_^- ^jji jib ;<bbL)JLoJl 

^Jlill J^2 jJI J ^Jl 0 JJl ^ oJji>j .^jlwUJl J^b 

^_a)v— ^ ^*c_ j iJL) C p — <-*->! l.^.-«- 3 ^>>^1— a ^_bl o^JLaII 

jZ3 J^Aj>!_S t -4_S J_*_I ^jji ^owoJL LJLp ^ ■ ■ A ’■' J ^o_>*Jo 

>^ J) i er^ j J) fl *>rjl ,*W^ ^JjjJ>~ j ^_5j) C Oj^JlJI 

fJ-icJl jl ^i-X_4-wl 4-oLSv_al (J Ij 1 1} 0<^ ^ SjJj>- 

frV ij_^_5 .s^LvS-I-oJl uIaajjI jj-« j->'"i' C*-*-^ _r! < _ 5 ~-‘ '♦-' ^ W 


^ ^JLi-laJl ^ jiJl ^Js- aiUlpI jl I y\s-\ 

1^ ^JJIj j^^Jl Jl JoJl pLJsSII 

4_>tJ..v-?..<»J AoLw<k^5\Jl (lt^3Lw<vJ|)) ^/23j 1)1 l^l_j ^Ujj 1^3^1 oLwo-b" 

p p p 

1)_J bfxJu J-jjJl k.^lti^al o^>c->l ^bJl ^<23 j 

Of . 

I-U JJ j l ,3^>t^3 r -1 Ji 

— - p. p. 

jj^>.\j t (Bohin) ^ jjj ,\yi ^\S ^ jL? aJI 

jU_~j jl l j Ls<2X>- L j L$jjL$w«J JjLJl ^jL»JL>-j/l j~. 
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dii_) L*j! (1) j. ., & . £ ' ^3 ^ i->x-v^l^ 

w-3^\J>* AXj j-1ij 4-Lo-P jLo-> ^ jJ tl)[ ^-^-UJI ^ w*i ^XjjJl 

. aJL> jiaJl fl j_A 

jJuJI ^1 4~w*jJ'u i j»jJtj! a!5w_J "fp Lplj->rJi t y« ^j-^r 1 lij 
l yf- ^ ^ ( _ ? ^jjd! ^JJLdti .a jji>[j t jyJ> ^ jJt> l (_^jL*Ji 

(1)Lp-\I jtJijvo ^ j j5sj ^j-J' i ;UJ| ^jS3 j t (J jJi>- 

Jl*Po l g, .,.£>„*_> ^ulx-aj ^_jljp! <S — 3Ula ^ijl-Laj 

O^La- ^3 4 jj ^J! \ J-^S (_£pLp ,^o_Lp ij>tL« |»JJLj Ajjj 

<JL>- (_^lj j-vwj ^ a - >— >1 j_>Jl tlr“ e ~j^' - l5 

4JS L ia.y-M jl U (_jr-^“ J^-*" L _5^- f 'J a J->J l Jijas-Vl 

a^jIjJI apS_>JI ( _^>JUJ1 j^z+A ^_*_ol _i UJt^ 

il)^-*-Ja.Xw -b>JL>JI ijJJ.5 c-Lvipl o'Lj 1 ^ jNl Aj3l~a ^yzs>^ ailpl ^yil 

=* p * f. 

|j_JL*j ( _jXJt ^feljJaJl ^i-P <• *-i j-^ 22 ” ojj-v 2jJ 1 1 j ji j! [164] 

P ^ 

0ALi5"j A-JLjO t o^bj C Jib JjJj lM b/j 


^1 .i)b^^ . 0wL>3->cJl s^^d5bJJ>Jl ^^>c-> A^- 

* J& U j^Sl IgjlS a^LiSsJl 6wl> P ji*Jl ^ A^^<J| ©L>J| ^ J>\ 

A-w<>_b*Jl ol 3 _>t 2L<>-JI iJj-*J £j\ JLi j_A ^j>-l j-Jl ^2 _*_jj 

oL_>sJlj Cj LJJ aJL^ 4 L^J N C 

Lwo oNl _ 1 j_>I a^oLi iJjjtJi Jib j-^b r*bj . 0 ^-Jl 

^Jpo-*J 1 1-^-2 vj^-^b ^ 4 ^Ju^ 3 bl t Ji)^ 

^3 ^Lvi-pSl 1 5j J.,^gj t ^-45 

p p ^ p . » - » 

^-LS^I jl a-»I j-P jJLSl ojj . ^U- o j_>3 ^_ij ^-q.jI 


^i-P jJUJi d) 

^j-5bij Aii! ^oJb b -b Ail ^jjt ^_P j-3b t fjJ-woJl ^io-P 

bf ^JUJI obds .^ibj js aj! ^ip l3 JJJ 3 c^-oi J3j .^Lp 
Ajb C AJIwL<J-*-AJ A^>^i ^3 Aj jJjLdw! C e-bbaji j N !_ 
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j_£ 3 .Lfj ^Lww_)J ^L^Jl J AP j_^j>t_A Jl£-L» (1)1 

4 ^ jJ>-l A_*»j~Lo j| Lo AP A~3 j^JLj L*3 aJIj (1)^ 

^jA l> L^-Jb ^Jl aISw-<>JI ^11 ^jJLjj aIjxJL^ (jl jJl2j ljJ_^ 

y p 

4J^IwLALa-<o ciJ-wv-^JLll ^j_P bU^I j^S'l AP (1) j_L_*-> ^jjJJl p-^JpA 

^oJl>t^3l ^j-P ^o-Uil J»^c_l_oJl (J 'j& (jl A<_*»-&! Jz £ I . A)-*_*^o 

J^li a) u jJLl*j c^^l5s-*iwo ^-L p aaLjl>I ji. L)L> ^ j-aJ1 jt-iL*JJ ^t-^wvj 

*-3 >L_>- ^ — 1 1— *_! Ls . L^-CL^j 4_>x_J La? '*— ■> L— ^ 1 \ \ $ Ljjl^o 1 l^Jw>- ^_Lp 

(jM 2 ^Ul>bj N 4 jf ^ *-° J 4?' l cJ^ V )/l j-Jl5sJ 1 J 4 ^j-o 

P ^ y ^ 

jLjlp! d)^3 ** ^=-L* !>b- 4^>JJgJL» L^-jV A3 *iAj>LJLx>J I jl^o 

4 Lyigj 1 aj>~LJI o-La /^o 4 aLIJL&JI L)]^j . Lg_L>iJ Lg-J-p (J^-v2j>cJ1 


. I4J Jj I3 c^wJo — p L^jl>- N 1 £• U_l*J I j_» ,*l*J 1 j a* L?j 1 $• L<>_Lp ^j-o 

/pp ^UjJI ^Jl 4 A^wJaJi ^L>-L*J li*>U>- 4 j j-L^j oj^L^-x>-Nl ^L>2_*Jli 

4-j 'L-— **1 j)l ^ j */is. aJ 1 jlil , Llo _ aJl^*^ LLS\-Jl .-^1 a^Lal >-1 

^li .<U*-jj Oj J^ 2 -^ ** (J^ jWc-jN A^-pLoJL^-^l I A-.o-A^I A_*_L) - Jwo-xJl 
^ j-L^ 4 £'jks*j <Za 1 (1)1 y- ^>-11 *3 ^0 4 I.M 4 AP ^_o->c_^ 

[165] -_^j->-l j^-_UL*jo j_^Vl ^.p JIjjoNI jUl 0} 

4 aiLjL-o a^w-U ^ ^o_L*Jl 

^Lp A3 j-*Jo AJLo jj ^ujUwoJl 4 4— -O^lj t 4-Ja-Ja^gjdl (j jJwJjJl j 

4 A-^ljwUl . J5I jV! /j-oL-iJl A-s^L>t->^ 4 ^"■ >- ^ 1 (1^^^°^^ (JL<4_p1 

^^-v»«J 4 L^Ji_P A«-^_^A-K_) *^i -.-^ ^ I Aa-L-/? 1 4—3 i^* 1 —Xj 1 4—3 l ^ L) 

^3 A-^ v — v i g .P 4_wo— a! aJ A-w-1 jjJl X C]| 4 — ol^ ^-jLj 

oaa ^3 c __^- ;:, “ 4 j . a^^L^jl^-VI ^j-LxJl^ 4 ajL^-LLJIj 4 ^jjLxJl 
^j3> A)jl yA ol^l j3 A*_LS\Jl ^3 AoljJo^l E^LoJI (jli 4 (J jJL>Jl 

^3 11 A-^SLw^ tA-SLS 1 sjjLLlj-oJlii /^° OySL 4aJ-^VI j^Lyg-oJ I 

(1) y*A jLow^Jl L^-y-X^J 0 ^-s^U-3 A-JL?t-j jJ>-Nl L^-s42_*_>^ 4 

fij_A /j33 -L>-1 ^ (^1 ^3 4— ^jliaJl d)l y& ^~k&LL\j , j jA2-*-L\ ^ ^ 
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o j-JlS sjI JL *Jb 3 ^ J~^~l ^-oJa-'Sl i 

• l£ L^® a^L-^^-<J1 pU^-pI l$i>- JjL^ 

N J N j-U- 4 <U*jb o j J_V^J J 4 4^Lol Jj>t^> 4j| dlb ^jA J 


(1)1 ‘ 3 L_la_^oJ ! 4 _jL^_i ^2 4_J»P l)I^ 


j^‘l5Lxw<JI oJl^j cLgjojlJLo j5b>_> 

, 4 • ^ 4 -J 1, ^ . , i3 i 


^ip 4^*-JaJl a ^ i_*Jl t 43 j-oJL w_jii j-<Jl 1 J-& , 

0^)^-s^2_) 4—^ijUj! »w3^i! ^1»P s^^JLisJl _La>JL*_) 4cJ ^-A>cJl S-La ^_43 .J 3 VI 
<Lojp ajuI ^J l jl A^JliSl <Lv-wJl ^ c ^3 >L>t J l 4jj>o Ijlj oi i^wJj 

^jA i ^- :>m 'w^-LLu *)1 4_w*jJ-P IjL '+Jbj ,^j>z3S\ J-*j 

*» 91 4. 5. c. 

j%-A J~Jl3j .c— '^LlaJJ Lyg.« ^..>- i— -3 .^j j^J Nl^pI I^IjJLj ol jj-wfxj jj>J| 
ob 0 4^x 5” (jljjl ^3 aL<>-5^ c->U ! ^3 0j3J->cj 

3 ^3-S” 1 ^3 lIA-L) JjL* (j ^ y^42. >r-}^o 4 JL>-( J ^0 

^3j .o3^->- ^2j_v2Jw)l bo Ll: .si (_r® J Lo-J-jj-j 


^ 4 A .ia.aJ i ^ -3 — 1 4 ^, ■. ~ ^ ~ . 


.^JUJI 


*-?.S Lr° 


j31\ J^i^Ji 


^ jj_ fLd_L*Jl ^y> .^jl~«Jl ^oX*Jl i — oVb 4 

Jj*j 4 !.}L»-ls LjLaJtj J>l^j ^.^.g) L^ijt?- ^J! 4 _jJixJI 

_^i l uL<*-4 t j-&-> frLj^wiiJl iwJLl? ^J_p t dU-i 


J5" 0 j£~i U-U^ t (SchrodingerJ yu>jjJ> j\ t/,jlx^j| J\ t ^bljli 

t (_Jil j ejj™aj L^iXo cJLo^-'yi eJl* ( ^P- <ci ^jl Lo 

A— oljwU! i^^xSGl iwXP ^jS t La4iLi pS\ J 
^jxJl aJ? ^L ijJl ^jb A_^p^J| Cy"~9 

t 4ji J2 j>-*)\j j! ^1 *y A j^>Jl 0^-3 t A_o /j-^ ig..-o^-! ' li-A Lg-J| 


<Lo j^j! oj-A j] 4 ^-JaJL_J .5^ *5" A_J\_*_9 Q2-0-) OtS' 4 A^jLp Ojj_v2-i_J 

^^>■1 4_o jj ^ I ' jSS\ O O * I t 0 4jk*-*,jP 

tjl j-^P ‘ J ^ j-* ^ ^5 U 4 l-4-w^ 

J->Jj 4 (_^jL*Jl ^g-LjoI ^Lo_*_U '^a\S }y* r Qj>*J o^SLi_ Lo jJl> 


[166] 
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i Jl£- S^Ljj ^JJl j-JjjJl ,J_j-|j ^ 

- ft - ft * ft -'• * 4 . 

0>l>sj) JwO^j ^ I _ L J%-\ jj>j Lo_*J lwL_>- y^s>t~a 4 JI 3 t ctJji 
\Jj*~a j*JL*Jl <j j^o j/ toUjNl oJ-A LoJ Uoi*i ^JL^J 1 Jt>L>- 

t, (, * 

u-O 1 4 _Lj jJa.3' oLoj^l jl .*>\jLo_a lj_^>- lilwLft! L^J 

^ ft ft 

<* — ^Jji I jJ < U»jL^ (J ^3 La j^jIj 


u. 


l 4 ^ ^ ^ 


(^JJS Jj>-^JI £t-X^> ^-~^ j . '- 

£t— i J_a ^_i_olj_) 4 _*_jj jl 4 J fria I LaJ-Lft (. jj-^J J .OwL>J_J^- ‘jjLiLa 

_ ^Ji>cjLi J_g_*jl Cji> jl /_r"Jl j-^-s^ 5 L'L^j j jjnj L» 




Iwi lilj ,j_~J 5 j-ftll ,'^a 4— «X«J! ajL*J>sJl jU 

jjJL Jj>w*3 UjljXa j^jj jXll .i^-<iJ>eJl jl$ C (J j^Xj ^ 3~r 3 

jJJ,J j J &-13 .<Ul>*Jl i Jv,}a~~ LaJ^ft ^_*jiljj ^jA (j Jj>tj jl 

** ^ -j ^ 

i 4 Jwsaj 3 ^xsJ>til Jib j3 j_) LaJJLP .J^X-JCu LSil ^JL« 

,A>x^>^^s}\ ^JaJl /wP ^>ol J3 \j» LLwwu ol ^Lp L-*)L»lj>“ 


4JL*_3 ol^l ^_a {, i_oL*Jl <lxJL>- ^3j 4 ^-^wL^Jl j_>cJL*JI o L i clJU 

La 3 -Lj>&_j ^-Jl j! cj*^L^LjL^Ji (J- 5 ’" ^ j j-^a ■> 

Oi-L> J*j>- <j ^-^- j ol -O) jj 1 0 JJ 3 ^^Lp <ol_>j^ .4_j Oo— *_o! j-j 

<. jloJLoJl 0 JJ .3 *ujjj oj_j . 0 JJ 3 ^3 ^J-SLOw^ jf j Lo jJL 

l ^ j-LaJI ^3 aJuSCjoo ( j_«^ j ^ji *y>d\ ^1-p Lji u 

c 4«Ji (J ^>eJui cliJjJ . JaO.3 ^j.^.>&j Lo !>-La^ 
o (jl L.o,l ^jOiSI (fc< ^Lp v 1 3 L<^i .^^L*Jl j~j> ^%JaJI (J^>L3*~ 


j^S ' 111 4*o-> ol cl c ^LoljJl 0 ^JU j S. 4^_1aJI ol j jiU ( J^LoJl 

^lJv-p (j ol j-^l ^ c£ jr^ cJl O ^ 3 

,^S c^lj^iJU .La ojjj 

J3I ^^5.0 LAjUal >1 jj 0 (J (jl J -£3 

c Lia_>- ^_Lp I ^-jLS" La^I ^ 3 ! jLt |t-JLvftOjl sLl*»o OJJ^ (J ^3 <j| S ^-LixJI 
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Oj-S'-j d> i ^ tojjiJl jl ^JLp (*-$- a o\j 

jl i jJJLjlJ jb-o-^ lJ* JJVl 


<UL> 


yJaJL> ^j^bJl j^ 


]| p_Aw)_>cJL>5 ^L-ApI 


Lj-Lpj 4 dlli oLjJb Juj-sAjilJlj jJLp ^^L>Jl J ^ .iJl ^Jua^j [167] 

Lw AJL+jJ A_L*^3 tljb A.-J^ <>Jl 4-wo_L*Jl ob->sJl ^j>~I y* ' 

4 ^Lstlj 4-ili IjLL^ ( _ sr< J^ -Xj-tjLa ^jJl£ jj L a-UwPj .L-iLs^J 

wLa!w> 5-J ^yj! C-jNI- 4-^JI^ 4 hJL$sjl 3-X-A yp 4 4_w«jS-) d^3 ^Jl 

4_oyJl (j|j .y^_«Jl i y2j>tjsJj L»j^>Lo lpj.yO J_a “>^3 4y<-Otj_Jl 

oliJj_<j! «ujlSC» jl yaJl t^aj>^La J !^! j_« ^Jl>sJl^j N 

p-JL*Jl ^jlj^l ^y y ^y <. &jy>t - j aJL>cJ 1 6.1-k yP 4 

(_^i “ -kj- y Lpy “CjJj yi yy .y^jl 4-aUaJ ^yiU 

^3 j-w^j jLo^cjl ^J_*^2_>e_) Lo-xs jjSl c ^3 j^_oJl ^ U ajJ 4jwAl jJ) aJL>&JI 

> £ 

aJ .bjJL) Ojj aJJ 4 jL/il>-L j yj=^l ^|Jb| J ^Jb>- 

. aJJL>- ^3 i_5^ bblb Ajl^ (J ^Jl AiSbio ^JjJj 


^L>ciLo y*jzS’ jl 0 0-> Ua_>- ^b>J I di-L ^>- y> jl yj2*xj j / j 
( Orwell ) ^Ljjji Ujj A^j?/>. j| A-w^2J>x_jJl A_ljo 4 ^c-v^U ^oJ-P 

. AxjljLSl kLwJl J--3 ^jjUJI bLS' o^LpI j^a 1 1984 ^Lp 

>w> .« ^ b-oj I ' jr° 6 ySjjJl cjLb jl3 4 ^bp °j^bj 

c Ljs_ji * 4 j_jL~^>- <u_*JL*Jl oljjJill (_y3 .1-15 

(. (3 ) 

^ 4 js >- 1 a_^_>- jr 4 -^ * yj-Lwj>*Jl ^j_p ^J|_ j^A-w^j ^Loj_*Jl 

jlj . aJj jJl o-La JJ-P k-lj|j ^j| (J^'b*- ^3 'Tj^ 1 ‘ jJo jl /ySb^j 


*lp y^s^ejs) 4 J^Llj a yy^ ®3 ^-L*Jl y>-jjA •^>-\ La LJLp (3) 

>w— L p i c 1 a yL*J^ ^ya OyjL u— j^LlaJl 

jk ^J l*J| ».^j^LL? oN MjJ\ ^3 4 *da^>tii 4^^yij>eJ.l 4 Lygjl 4 j .ijL^-'yi 

Ajl>Jila-/a-<kJ Laj-A3 LaA^- L)^-LL^ f , *^ jc: ^' ^ ~iL-^3 4 Aj^>-V1 
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4 4X3ljyJi ^y ^->cJl ©jJlJl <j! 0 ^5o A.ygJj 4jl5 4 i^JJ-^ ^J..y?->- 

aJ^-L-vJIj 4^Lo-*JI ^w>Js2j Lal^j ajJ^L>- cu-*-*wJ o-L^^ 

<dai^Jl Co'-S' I 3 I 3 .oUJu^l^-jl yo jLxS-Vl y3 L>-£j yxdJ! <Li ^y^JI 

4X3>V ^L>x^oJl ^y , [w2_*a 1I ^ya 4 4 -3. 1 1 j— ^ ^Jii-l^vJl ^Ls 3>l_>eJ 4 LkJj>y 

, |J^j 01 yJ>2^*_) 4 x 3 V 3 L>c_o-J 1 cLLLj , |—/?L>- 010 4 330*-j*_oI ^_Jl <J _^- > ‘ 
.^-Lp <■ i23^Xj 4j0 ^0-*Ji 3y>-j) Oj * 4-*^>0-P fiyy 0^-^J yJ 4 0 j jyi 

^ y ^LOs-pI Ju ^y j_0l y-> jLji^-VI 4-!a-L^ 0 ^-52> 01 


J-^OLJl Oi-ta 4^^? ji^/?.j>- 0 y52> 01 ^JlS L0 ,3_>0L<Jl ya 

£y .^J-P 4 jL-X- 0>.)1 4-ot—uVl 4_v2_u2_Jl Lg_0p (J-AX3 y33j} yL*Jl L*>o 
[168] 4jj y>- ^y 0L5 ^l^-AjIjj C^V^t-w* L^_Xp 40LL*-> o jLO >- J^n 3 .^y>J_*Ji 

U ^JJOa a 3 J) ^XL4 y«ol 3 4 ^-wwLw-^j ^L la -jj 4 yy^ 4 y3jj 4 0 j>* yl y-3\j 

4_JwJw^J! OLj J-Jl 3*}\_> y* Oj-L>cJi yOi ol jL0*J>tJi yJX-Sj ,U->JJ 
^-Lp V0»J3Xui ^ yLxJl y5l ^y 0L5 Lo->a Lyjy?*- 0^5 
^IxJ y* 0L5 ! 43 yo ylipVl jl-AJOJl 0[ ^^LwoJl 

Vj 4 y-I OL50a yp^ j»Jj . * ^-o»-Vi oj yLii ^y Ujjji 

4 ^OxoVi ^ y>- L^-3a ^yJl 4_^? l L>cJ| 33^ Jl>33>J I 3j 1 Olpj -A->y 

.djy}\ Jib ^yj 4ljjjl 


Lfjl o-L^_i 4^y^jj>cJl ^aJl ^.?0 1 L>-3 

cXJ iwo.— >o_x_xJ I V| V 4jLiaJw<»j! oJ_^> ^3 ^ L-*)j3 Ua-X > 

^y 4_> I /y 3JwP (1)1 y° -L> V 4 .OjwL>eJl 

-A3 (Jj^V 4 4^^3 V L >- ^ L>t-v^l^ 4 ^ ^ ^-w^-Lp 4 - P^_^> c- a 

L Lx~a Oj^4 jl <— 4 (JllJl LS^ 4 jt-jlxJli .i^iJj3 ^J-s A >- 

c)l ySCoj ^loLo-X^I l)I .4-^JaJl iJ yL^-> yi^Jo oV^-XX-o 

L^-Ip J-ajljxj uLs 4 Oy£-> 

yJ I l) ji>JI ol 4^_o_ki yS'Vlj .4^J»>^2jjj 4X3^15^3X4 ijl 
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4 j O I ^ 4 4* O j-^v-> ^ 1 <— *>cj jj 

d ^*JLi 4^^) L**s-o«J I 1 jl ^-uP * j)-* F ‘ w/ ~^ 4J^_**£-£ ^ »-L 

^y A C-l^ ^ 1 1 ^ -j*-P ^jL^*-v_) >-baw<-*»*'>J ^ (^ jj^_L>eJi OwbA 

.*JL*JJ ^j-wJ-^Jl j J,]fljj 1 ^j-4 l iJj^Jlj 1-L^>- |jjJj>j ^Jj>c_^Jl J_>bbJl 

£+a ^a 4 -L*j ^-lS\J ^Jl 4 4_w<J-*Jl SL^>tJl JLply lS Aj>-J jlj 

j jj-jJl ^^1 _dl oL^*-^ <~-^*_JlJI ^Jl jl aJjjJI *L*jj ^\ * jj>JJl 

4 i-L» j£ ^S>xJ ^-Lp ® J bJbLa 4-b-^-i 4P 3^J>- .J 1 1 (1) l_9 • *b-^-L*J 1 

4.J jl ^3^/1 lb_A 4 43 ^ oJl LI^IjL^xjNI ^3 J-^j La^jJj (J ^-*J*Jl_^ 

^3 j 4 3 1 ^3 IS" 4 4P 4 1 «/? P 3 . ^>4 4^1^-v^ 5 ^c_jLb 

jj_L_>~^Jl jjjjL>Jl j>.,^-jl ^J-P j» g * 3 1 jJaJl <--^>xj 4 Oj-^>Jlj i -ojJllSI 

jlj .<L>w?lj j»L5o“l j|Ju^?N ^Lj ^Lp jl ^u*JJl j_p! ji _yLp 

j^jUco 3jj>- jj olb*-o ^-JlU |JL^ , ^3 ^ ^ < ?l^b3>L j J. 3 J i 

di-l^ j! Ju N 4 jjll! L>- .^*J~*J1 jU>c-3^yi L^j 

.^^L*JI ^3 <Lul5v^l l}^>- c)\y**> jJg cdi 


lj*^JLJb<>wi I Ly3_>rJ 1 Lp I o j-*Jx , jl 4a>r_j^>lJl o^-La (j| 

(1)1 *« — jy_L^J| ^L^jLwa .j— a oJ^JLs^a <w<i-L^Jl 

j»JL*Jl ^jjJj ^ 1 p o^lxi! Ojj>* ^jJl J^LijJl j-A <*iJJ Ji ,ciiJj5" o j£z f 1 69] 
L^li C 4>cjtAJl 4jl 4-li->-*>\-^Jl jJ-^xJ AJi j^P .^U-Lp 

.L 4 K (^C, A „ V^,/» 'I j C3ljj>uJL<iJl oj-A /^o ^jj j^liJ 4,3 LS" 

l)j_S” ^jJ> p-P jJLj 4 ^ j *£+J 4->5_J^Aji l)I 4 v^JJ^ A_3 Ln4>NL> 4 

4^^_x>»r3x_<>Ji ^L^xJL^u'V a ^-3_S” ^Ls4aL>- ^^o*yLo 4 ^£3L*Jl L^Jl La j3-^a-^> 

J-5 j .oL*-*_ol j-JI J o^y^L^oJl f-LL I 4 -^?L>c_) j 4 0 ljjjJl J^U- 

^ ol ijj wL ^y '-La ^p ji LJi->“ s y ji lj 

^-A jl jl Lj-$jxJ j\l J 4-jLLo-j 

(j-« 5JL»J ibl ( _ s 3j«J 1 Jl>LaJl j| . A-o.^^ ^1 jJ 4 4jb 
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[170] 


^l_^_Jdi-j 1 3 -Lp oLjJ 1jl>- ^JLp _jl jb 
jJl j^p ( _ 5 IpS/I 

jV J t 4jjX>i^Jl aISLJL-jJS ^ ^>J-*Jl jL>cj\I , 5Ja-j uVj 
*AJii I ^aj jli 4 L^Jl>- jJ (_gl 1 wUj>- » — 2 4P ^-A>j>t_<>Jl 

^3 dLdJl c-jL) ^Ji-j 4 _£^>-j ^Lo-L*Jl ^J-A 

d)! L^J -L> N , L^_Lj>- j^wu ^v 4 -b JuOl 

jj_j 5 JLjL~JI oljL>^_>Vl ^J-j ,j-p j_^xJ 


4 jJL J 4 dU^ (J y^PJ>- L^~U_P 3 ^ **— 1 ^-Lp coLj_ 9 . Lj l^-oM 

J^3 4 J j^3 ^jjwLwS^ j+S' J *L-UJi d)U 4 Ju J»>- >t-Jj j_^ j*-*_ol 

4jjSll i. yJl .^jbSl! J4 U^J j! 

43 J J-JC4 J CjjL> J- 1 *" J-Lo (1)1 -bJ_>tjl ^_Jj j^Jl ^i_P 

-^J-^'j -44^ 4 j4j jJaj L^_l_>- *V^ 4 4^0 Lp 0 j jw2j 

( _^i-P 4]^l>c-<)JU ~lp^ ^Ip < 1)1 U_iJj>tJ! ^ip 

,*_L*Jl ^Jl O-4-w^l Jl>- ,^Ap OjJJLll /^o 

4>-L>- cl* »m^J L^jIJJ SwbjtJli . 4 J 4-ijlwwJl c-^L^-Aj^I j-Jl (J'lAJ>- [ j r A 
( 1)1 4j^_JbJlj . j_>*I 0 j-d? <-Sj-4_>- ^ 5 -^ (_ 5 ^ (* 

4j^UI ,iyvi 4 ^j - 4 jl-bLoj (dip ■ la d>c-> obj-X^xJl »^ljLo-*_oi ^-Jl 
jd ^ip 4 iii>u^| j N ji 4 j jj>t_> L 0 J 3 L^i 4 ^*^lji jL>cj^j 

(J j_l_>5-J 4_d^3 Sj j */2 jj ^-^3 *• ^bijL^vJl ^Jl 

.kni La>1 

o*>15LL<j 1 <1)1 (_5~"*-i jljJLoJl lwL^_i (J jJLil j 

Jti j .*_*_i^l j^i\ jL jJ! ^-uL^i'yi ^jA> j! ji\ cr'L"^ 1 ^ 

. f' jlJi dlta ^A ^-Lp oJj dP L>Lvo»l LJa^^ d)l ^^«4» 

f ^ s: 

J5 JajL--“ U<2— >"1 (_^A LdijA |jj>tL> jl (_5jJ cJ jili (24^-? 

^-^-c>j 1 LJa-^oAJ 1 ^ Cj^ ^ ii -^P <i ja . " ..^ I ^3 us 
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. jl—w >" 


4— Lk_*Jl Jjlj- j . J, . «,<g a~ij ii_Li Lg-XpJL*-* 


iiLj’ j!L j . ■4_o_j_LaJ \ ojAjjjXiJ! ^a*-> 3L*_xL~j j/l ^»jix — j Li UIp j 
4 -. "...i, Jl JJJlJI j Jj ~ U LJIp oljjJ! jli 4 wl-LJi 

oLpj_<i-^t_ojLj A~N [ ,,/j j l ^JU^JsZj t 4-yg-yg,PtJ j|jJL) Jj Jj j 4 Jj>tlJJ 

N 4jli (, jJ-J! (jl £_aj .“LoLxJlj I. 4—1 4— J_*Jl l (jj 

a j y,*/3.) ^IpiXj JJj jlj 4 teJ^JI ^1_P y Ll__j . X_i 

(_gl (Jl>i^i t ‘L^XnJS oJjLvaxj- jl! ^JlS-o 5 ^Uj 4 — .Jj 

^ ^ L v- ~ >- J 4 ^jjl—jJl oj_A ^S*y^jJ .oJl >- J 3 jjC~A .^43 Lv^JjP- 1 

4jJ-s*2 jb y C4l_l>xXjl oj_A , |Xl <4*— 43 013 C4»OjJI XJIJ->eXJLj ^Jj>e_! 
(J ^_1_>JI 4_ijj ,J_Jl L^J__>- (_j-xJi cj jLJ j., . J I <L>«_j'y jL 4_J_4-jt- 
jiy lJiS/1 .iljib jlj-a-X — k 4 L>_£-J-S’ t 4-0 I OjlSLjJJ 

I 3 . l_A ^--3 ^X_J 4JIj jb XX.-ip-^ lx) L 4_jLo— v2_Jl 0 j-A ^JxXo J->tX-JI 4 _a_*J? 

? JJJl jl } yj> Ju 42 ji wl>- JJ (j! jjSjj 


Ope-j jl * p«j oL»l>«jj| ! ^yJl e> ot _yjl o-L*> y~^ 

,^jJl*Jl ^ ^JlaxJ! iliJjJ ^yjJl Jp- ^^p t ^gxlixpl o— >u t LgJ 
L^xJ>Dj .oU^v-xpI L>^ L0L44 J ^-JpJl jl LJ Xs- jjj Lujj 

^ ^ . .-— — i — 1 1 —-.I. j (J 1 -A_j jf ^ X — 4—1 I ^ y_i Lp yj (X 1 4 4 i „ . — 4.) . X— — jJ I ^ ^ 3 4 ^ > 


XjP- jj 4 p-tp- jli .jLpeJl J — 3 ^Ip £"J j-XiJl iJ-A j>b La ^ 4 >-L*Jl 
( _ s J_=-cxJl LJp t Jii _ r xS’! o (_5^_9 .jajJ-nJl ^ j»-XixJ! ^4 j3-l ^jj 

OLo-*jX!jJ| J~ j, -‘ 0 ' t'lwJwaJ^ jl <3Qj yi?Jl t O^SCiiS /^p 

. 3 ! Jb L /^o o jj>J-<cj j f-Ljjtll 


ajjh (J^"3 Jj ^cJ-la , ,/gjt jl jljVl ji -LaJ 

L _ r — ul ji 3^5- La ^^24 flj-i-j/l aJ-JpJI L^L>cjL43 

iLjlpj/ ( tJ CX ) L>&j l .| pl l jJUu ^3 i ^b>~ j . j 

Ni L*-a Jp - jj ji JlpI jjj! jL |tJL*jl 
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Lo Cjlp yo->=-oJ! JS s — 2Jj>~ Al^oJJ j-ll (_j~°'“*“^ ^ 3^~t L 3 -L_P <— -’Ij y^l 
C-olS" a! jL>c-<aJl 0-L& ^3 43 j-o^ yoJl Aj j jia.jl <uLa-*Jl o[j . o J^*-l j *>L>- 

Lg_L>*l ja y^s-i a-L_o_p ^1 - Ay I Jo jjLaJ yo j ylao aJ_<k_p 

Lo-o jl J-i Lo-o ^ 0^^ . A*^Ja U p. ^ Q 1 1 ^j-v^^j Jw>^LiJl Jolyj 

[171] o jAlll oJ-A j! ^^3 eLLi (^t j yiaj aLx>_P l^J-*j>to (jLi^o 

e ^ £• # 

^jl ^Jiu ol L*_o>o>- Lb y*j LoV dib . ^jj j*sS *1 ji JlIp Uils C----W» Ji 

^^-Lp j c ^JbLs ^JlSI o-jyL&j ^-Ll! J-o>- yll aJI ,^_Lp ^_LxJI 

* 

.LoJJLo Ax-^JajI Aow? ^ * 3 Jjfe yo t aI jjJl 

IoLxoL ^l ?c_$J-gJl I Jl A JIa A>-L>- yo LILa ,J-fc> i ySo j 

yo j jJajJl CoL>J. la ol j_bl J-P Ap~L>cjj yLxJl 3y^-j ?-jJL) (1)1 
JwpLwwj Ai2_LL>- ^Aj) ^ ^y 5 jlLA~a CJj ^3 Jo>*JL<>JJ A^3 j_x^oJl aJL>«J! 

f. * * ? * -i £. 

jl^ C A*.^- la iJ Lob/?^ L-P y/> *5bolS^ lJj>-lj» U- jaai <Uj (jb ^J-j>&xJI 

s 3 wX_^-J I LJj 3 y_o Lj 4_o jAj j_& ^yb_*J! ^)U>o^>\J 

Lo^o j jJajJl ^ j § & ,-q <Jj~o ^JlS i_i j^j <jl LolbLoL <1>LS b[j 
yo ba_p (jLs t c_3 j-*-> d)l ^3 (■ — ~-P y Lo y>to j ylajJl j» j ^ a ,.<> — > c3 j-*-> 
^3 Lo (jLSLo ^3 j .aJ^*-*J| ^ j^- 0 ^ ^ AiljLj! 0^'\bs_JL<>Jl 

. Jll<Jl ( ^-P ; aI A bLsLo ^-Hj <1)1 ^Xj ^ A^L^Jl c.-La 
^Lp 4-o ^jLjJl ^J^.-./?-gj J^L 3 -Xj^I l)I L “ .*>1 ^ AlJj u 

(J^Lo d)L Aiaj>- ^>L<»J I wLpL^o /^SvJj A»XiJJ 4 J 0 J-JI a ^JiJl oj_& 

.1 ) ji XS j_^Jl fijr^l Jj-o V o L-A j^-sALL<Ji 

cLl? aJ^LUJ 4 -w-o^ 3 ^ Ao2^J I i_) 'y \_'F^ ^*P*~ -A_P l^-o 4 ^3 j^ - * y_oJ 1 Ci 

A32-w«l j j la jl ^3 AojLL ^jjjjb LaJ-L*3 .^JL>J| *>VS ^3 1 g i 

^j_o ^j_j j-bL^JI ^-pjl Lo L)Ls ^ 1859 ^Lp ^3 ^g_x ^ « ]a 1 1 aULoVI 

oLvu^U /^SLooLl j-X>till 0j5b L/j j+jkj o 

jjiaJ dlii ^g3 L>o ^JJ-^ 2 - 1 ^ j^T 3 c5“^^ JJjJU .c3y2.ll yo 
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I jJ OJlS” j jJaS H o jio j 4 3 jJLp JJwO j*-SljJL> c)L£ 4 

4-^-lj jJS 4 JI 3 Jj>o j j}g xJl vjl ^yi IjLJLIjI Cj ^JUjI j 

^U/2_>- Lo (jl £. <^-Jw) jJl o'lPj^P^Ji <W>L>OJ 4 <LajULa 

<_£ L> ^i!l o>L^-x yg.ll lg pI 

.Lo jJL 4*Jojjl3 o j L _^ o ^Sn$ ‘ w^s 4j j-x ^,/gJl C->LXo Jol3 
•lijLo'V Aj jJa.^S' -Jjjjjl.5 4 j jJa-» C^_aJJL .^iJ! jjJaJt CljL^Jaj 

LL»b\ij t (Spencer) t (Chambers) j^Udj (.(Lamarck) 

#a 0|_J ■ * 1 g ~ ... -a <L_Lo_P j jJajJl £j j*SS-\ A-E - (jLJNl 4_*_wJaJl 

L^jL ~ja j olS" a—j! eL>Jl j a_jLJI st~>cj ! j (jL»j v yi 

. aJJ! ( J2Lp ^ o-jlS” L«jjj ; eL^>«aJ Jj'Vl ,J_L>J1 ALa <Oja>- j-* 
aJ_<saJ1 J5G A^>- j^Ji\ ijji}\j abO^I O jij aJzE-JI j\ a jEsjLH iLUjj [172] 
La-EL>o ^jA a J_ jJj>- 4»L>- jA OolS^ *Ajj j j . lg . tj l 

. ][ JCa a5 jg»- yA CtolS Aii>J 


^jLkil j j, ia.ll 1 £-^J! CJJ.S alkJl jlS ^Jl A_ w ^jJLij 

. JjJ^jl.5 d/L >- JtAA ^yj ^jA A^-C^w.! , iftlj JsS hs' 1 a y£s 

. 4-» « « ]a ll jl <Uil ( j_« c_8J-A (_$Cj j-Aj N i—jLxSv-9 

j* 

4 <Um£> jlJLA 4JLo ^3 , L*L*Jl t ^*,wJgJ 1 ^ULLj^ I <jli 4 ^JJ-S /^o ^ J_> J 
^ jJb 4 iLLjl aL^j! ji\ 4 L> 

j L>- j-s ^ j _ r tS'( <j jf *J s s* d^LulSsJ ooLiJlj j jjl)I 

Loren C. Eiseley, Darwin's Century: Evolution and the Men who :_, ia il (4) 

Discovered it. Doubleday Anchor Books (Garden City, NY: [Doubleday], 1958), 
chaps, ii and iv-v. 

A. ' (. LLSCtll oj_a ,*_a jj Jjla CjCIj-P XpCI - . .: .e j l Ja pbUa'Ci (5) 

Hunter Dupree, /Isa Gray. 1810-1888 (Cambridge, MA: [Belknap Press of 
Harvard University Press], 1959), pp. 295-306 and 355-383. 
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**£' ^JjLa A^-gr-P 0 f-Ls^-P^l 0| ^X->- * L^A>tJ 

jij jj ^-s^Ljl Ij ^A ? jib ^L^2 _pS/I (_$l - o-bj jL^jNi 

*» 

^AjL) ^j-° bi-oLS” - ^wULi <Ja_>~^ ^jU l _ 5 _Lp aj^ 3 L>c_>t->- 

.uiJL> N ^->e-> A-oi-L) OLiljU ^A ]g AjI ^Lj Ow«J-4j A-Jl^_P 

cjLoISHI JLJLJl 3 y>^ ^jLJ^ is * ‘ ♦ ^ " p-'lHijVI jL> j 

UIaJI oUI j^j>JI jl Ai$j*j *LiJl ,Jj>A a ^2l*JI 

*(jdJJ^ Aj ^ iij /j_a li*>bj jZ£ S $\j jjibV I ^..Ig-xjl jib oLjLjJIj 

c_3J-A <*_jLyP j ^Ja jJl j! ^bbw bL&3 

LfjL c sL>t3 ^-JibLJ cjL>^J la ./? ^Jl $-La JjLa c-»U-j jJU 

.Ub AviaUla oUdjayaa 

jlbl^S / \ jj^Ja.1) Aj^_v2-*Jl iJl^Lolblil j j _la>j Aaj ^xJl aLjI^^JI jl 

9 

t l^jblJj .<J ^JuCj -L*j wL>- Jj aJ j ^ ^ l4_*33 a*^-L*JI 

jl ^9 . L_i jJ 2 j aA^oLS” Aj_)Lowa 4 ^allbcJl ll lwL& iJ3>Lp ^-a ^Jl ^“ W " V A 

c-Ljol ClAj ^j^->s-) jJL& ^j'jJl ,J^v2_aJ| ^3 A3 j^-g A^Low*Jl 

( Jl*J' Aw*jL*_<J aJL> j]z> v ^Jl*J1 Jj>tJL>J| ,Jb>j3 pI^JI Jh Cj^ 

^Ji . ‘. & ..C L ,.«^j 1 4 a LiLo ^ 1 aA-*-«-L-^*J a^sL^JI ajsx-^JI^ • 1 

olj^Vl i^^jy 4 ^3L*Jl cL^>tlJ| ol j^AJ' L y^jyi\ ( jS* L $-j 2 -*-i 

ji j . o j->eJl 43 j^<Jl La jJ JlJI ^Jl^ScJI 0 I 3 

jLijAil ^3 o^LjJ^ <iLL) j j Jg-lJl ^3 A-^3 'l-^jl^-J I 

<1jX>- L>_Lla 4 OJ jj>- J3 I 4 JL 0 jj l)^S\j J3j .^gl J 

[173] -*J^J Cx* 1 jj3 /y> 4^L>Jl Liij 

^j_a A_L>- ^_a J^S” ^J_^_*I^j AJoLj ^-woJ v_P Cw4_^Sj>- jl ^ 

.L 4 J ^lia J J -0 

^il a^-L>JL} j*—!^- ** Jj>JI lJuk A-*i3 Li^Jl / *-Jo 3_>-lj ^1 L)l 

(jll bLa *Ajj j33uj! AvLow^Jl ^"A>eJ L_^J>-jl (Jl^A>-Jl 
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b 4 <*lLb ^5 U-J C 4_« „ -J*-? ,1 1 o O 

(j J-V^ jJt ^-Lt" 0 J^^ <-) J-^- 1 <jl A_a~<>wL*Jl C^lwL>ci<Jl ^^-1_P bbjj 
; ^Lo->-Nl 1 o.^j bid ^ j -sd ci jb-?*- diL^ ^-a>bJo d-<^j>d 
ol j%-*jOI jJI ^J_P ^j£> jJ3j bldj ?j%JcoI^j J-*j 
j iij <4-^j tlr^ bd j-*-dl olj^Vl J-o-Sl obi j\ j-*^**»l 

^ 'j&Sj .(J^Vl (Jl^-wwJl ^dbL^l djL^'yi bJ-L> 4 jL>-^jI1 c^-i oJj>-1^ 
jIS* LoJjl* i?jj?-i *)lj a^- j jJiLo aILa^I ^Usb t j-^ a^j>-j ^y 1 
^JJI 6*X>-^ ^^o_l_*Ji wL>ddl ^j-wJ-3 .A^br-dl OwLfij AjI^^J >-L^P 

<» j3 ''' * t. 

<w-j* 4 <0 I*j3»- ^aJ_*Jl Jl>=UI ijj5b> (_$JLJl ^JUJli .L/>U»- Oj-Sbj o I 

^^9 U5 L_a >— 1 jil ^ b~*J 4 ‘UA’lja- yt 2jI_v2->sJ o! 

ISba (_$! - iLSwaJl dUb (jl jjr .0 jib o! 4_^>J ba 4} jXA ^ AaljJl 
£9 1 jJl ^43 ^Jta (jL^jNl ySiy ^Sb jJUJl 0 j A^lp (j jSo (jl 1 — 4>o 

Lfj! 4 (__^-b*3 .iJLLoJi ajjfc J-a^P C ■-»... ! a j j-yfl-ll aj-A (jl 

^Jl ^ll>Tj ^ L^Sjlj .(_aIjJ>- *iA_> cJlj baj 4 <U*jlj jt-L*Jl A-qJ-AS 

(j j5o Ob* j-Jb ,JL*J| JAJ £-a (ji! jXa Aj^^JiU j» j^Aa (_£ U .La i^jljp- 

cJlA (jl ba_'J .blA LaIAj >- yA j»-b*-bJ Aj jj.lg *,JI a jjajJl ^0 biil jJ^a 

j] 1x^.3 4 4^^1x31 ob>aij Ai3A]| SJaLIJI £a bvij! Aaslj^-a SjJiJS 
.aJLII OjASblJi yA !y~4>- ( Ja- oNjbsr-o ^3 l g a jg jJ *b_^* 
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1969 — 2Uaii> 


(1). 

■ 


jj'y i_jLxS3i iJl* y*V -i ^j_p CjI j'il/l i~ . ■/> a i 


tiJJij 1_£X>- ji s JjLvwJI ^ ^JbJ ilijl ajj& J 

(_$ jJaj <4>-J i^-^J 

L^XpLw? ^0 ^>-!jj Jaj’-'yi ijNl c4~^L»A» s i/l jj-a^i jLij 1 —j yii 

ja\ jJh y 2 -*- < jLS" L«J j .^.-g 9 £■ j-^j LjUsj oL y-^> <LJ j^\ 


(_£ jJl y> jlJl y l^Jl jl jU C y^~P ^ fl . tfl l e-j-x 

(2) ^ 

oJl>Jl>- 4_>t_^vjJ ( ^xL»x'ill 1 1— jUa^Jl A_)l_^_i ^y t ^J 


o^r^. 


yj\ 4_s^2 jJJL 


c^ 1 


jli 


jJ! 


JU>4 yA £-\jZj\ ^J-P <=-LLj 6 y <J jV 4«^JuUM 6-i_* C^-LpI juJ (l) 

^ l^JUo^ ^5 j_L> o«~oU- ^ SLu-SlI (Shigeru Nakayama) ULtS'U jj^SjJI 

t l_£plL> jllal;! y 0 (^J^j o-Lss ^|p 4J j5"LJj ^LLJi J^\ 

.^yJUxJ^I <i JjJl 4 a~U y LfJU-^L 

<L*Jslo c-llai*-! ^ ol ^JcJl O t *L>L£ otpj 4*JaJl oi> ^ Jjb>-I ^1 (2) 
jj|.i i. J. >/3 j j JLd J l pL1?^>-I Lo..^— b yj jJL3 iiLs^Vk* 4wlJ_5 

. >Lx^Jl 1 -La 96 — 90 y? t j-^p ^aUJl 0 jjjJl I5wl£^ j j-Uj ^3 ^^Ull ; yy ^1 iS 

. « — jI^S 3^ Ijjfc y 169 — 168 y> 4 C~>U fj,\ UasM j 
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, oj N 1 ^ip ^-j-*bJlj^ 4 4 j ^_L ia_<>Jl obu>-l j_^~U 

(3)** 

. Ul>- ^jp UJI j+S^Jb 1^3 jjl^ ^Jl cjL&l>tjNl ^-1 ji$l j 


^jLlSCS c5 Jw S ^ 5 ^ I ^2jJJ 4^ww-OjJl Ob ^-x^>Jl wb-b*Ji ^>bj 

^1 a ^li!l . 4 j Ibo ^bbjlo jU IJJ 4^-*-Ol jJl j j-m2j (J j^>- 

f. * 

d-U^ Jfll J jl jJ-2 *V I 4 5 -j j_P j-o a j_Sn 3 j -bS L^ai 4 N Lp" £_bbb^> 

4 cLLS^ AO-^5' ^-Lp 4^-oJ-*Jl b->bLoJl ^ j j .*P* ! l 

wL*_jj .^_jLJ| ^LJ_>e-i3l ^Ji «/? tf 1 1 I«l^J o-^-oJI ^cjLbJI j 

dU:> J 4 bbL<*_*_o) j-J) j^p bb->r_o LobbP i^jJ>u Lo ^ J a »> L a>< 4 di-ta 

. a Jo J^ptj ^l-j^pl -ii ^"* >,, j)P 

^j-a Oj-siS” bbj*l>c-4 ^ J 4^^-*-pljj)) ^jJaLs^o jl < jp AP jj^J |J_A 

aA_<*J>- jJb&J j \S 4 A^_>- I 4 LbSsJ i 

l^j 6 ^bio ^1 4 4jLi Laj t oLliJlj t^iJij lOlJu£jc<JI ia jiaLi 

^-Lp (J*Xj ^cJ. la ,,r? ^Jl 0^5" { y>- 1 { m y b 3 * jXO a X->CLa aL*^-pi 

Aj^LqJ] (J jLd! y&J C dlij ^y* Jj>-i^ y y 

J»Sx_a ^J_s»s_J (jl t4_ljLai jl dJ L«_i_) P i 0 _aJ 3J Lo 1^1 i j JJL j ^xJl 


[175] 


Thomas S. : U*j i J, (juljju*- (jcJli« ^y ^5 y-l oljLi] g ys jJi ySL>_; (3) 

Kuhn: «Reilection on my Critics, » Paper Presented at: Criticism and the Growth of 
Knowledge , Edited by Imre Lakatos and Alan Musgrave, Its Proceedings; v. 4 
(Cambridge, MA: Cambridge University Press, 1970), and «Second Thoughts on 
Paradigms,)) Paper presented at: The Structure of Scientific Theories, Edited with a 
Critical Introd. by Frederick Suppe (Urbana, 111: University of Illinois Press, 
[1974]). 

Margaret Masterman, : Jaj\ ioU-i-ol_ r JJ JjSll yd> Xi . i ^Us^AJ (4) 

«The Nature of a Paradigm, » Paper presented at: Criticism and the Growth of 
Knowledge, and Dudley Shapere, «The Structure of Scientific Revolutions, » 
Philosophical Review (Ithaca, NY), vol. 73, no. 3 (July 1964), pp. 383-394. 


290 



.<uiUl ^J->sJ ot-O*! ^Jl -Lpl^JjJl 

[176] jJ*> j t^yr Jh?"*'' 0 0"*' v ^ ^*— ■ ^j\ 4_J_P ( j_Ua_J j c ^ LJ 


f 




L^lv2> 


JJLs 3 S jJLiJl L°l 4 $lol 2 d j-S-dJl j-« 

. 4-lLoi ^3 <w>L> ci^ljL>tjl LajUxpL loL^^oI jJl ^Lp 

cJiVl ^1 -P ( j^J & j-fc ^UJl 

iwwj ^Ji j^L^^Jl 0->lS^ 4 ^~~*jL> ^iJl f-Ij'Vl o|o t 1 jj^-pl 

4^L>tj j 4 c-^lxS\jl L&jljl ^x5l jv^Jl * j-^ j^l c£^ _^l ^3 oU*>l>s_U 

.(J ^Jix-a 3 L^ta Ip j ^_L xJl *“* LftoLLa ^iJl o«£jdl 

o jJLaJli .5 j*-2jj 4 ( j - j jJLaJI ^ Lg_Jl^ j-^~i o 9 jp-“ ^Lw^-aJ! o _L a 
^ j^lo 'b! JjL« oL>cila.,/? -a ol S j£i l jLl Lj 4 jvij 

s> «* 

UjLlpL i LfrliL&J ^jXil 43 yi^j! oij j^La L jip L-wuL-a 12.. ]a~ LfriL.la) 

43 ^x_<jl 0.1 a Jjla (1)1 ^°J .is" 4jjuN! ^ 4^0.,/aX-a oli j5La 

* 

Jlp! jj 4_xJ_j 4_pL_*3 <oLpI ^Jl i (_£ J_*> j_>- J_wjij jj3 ^j-a t Lx_v2>L>- 

4 j_a ^3-x_4_;j t j_&J t jj-ajJI 4ij t j ». ]a. , ..a ol Ml tj-jLx-aj 

0“^ <l>t>ii I >2JJj Jj«laX3 5 ® jJLjjl Lai .^->T .,igt U ^JjU ^jLx^JI 

* 

^^»Lp 4 6 ^ x *,<£? ^ ^ ,3 4 Lj t^ - 4 ** * /^ - 3 ^* J ^ 

^1p L < ? lg . * oa *V ^Jsj c^L^>-j 0j-L<>->t4 ^juJI jLip! 

^ > p p 

0*)l^s-sXo4 J-L>eJ ol c5 -Lpj oLLi_Llj>c_o olliJ ^jjhX >^ o ^UApI 

4-wfl-JLo Loo-0 ijljjb^ .A_<*J>- jJ LAjLjLpL Lv^^o (JL^2jN1 

6 pJj o jiaJl jiaJj 7 pJjj 6 jt-ij { yS yu^\ ^ L^_03Lo_^ 

L^_>Lj i >LiSdl I j_& ^3 jJajJl 4JLL*_i^Jl 4_^_^_xJl ^3 

I XJ3 7 pJj 5 jJLill 1^1 .c ^1 aJj! ^j-" 3 j ^ £L ^“J 

Jj2«<oJI 4 Lo_S 4 ol La^LL^ 

^i-P < UI1 >cj3 ^^loj 4 JiojJlj 

^ p 

laUaji I jLSUJ OwO^Jl jlSla'yi (_jULsjI (_^Xo -J-^J t-LLsaZ-i^ 4jjl>t-a 

.jt-lxJl ^p (_5ji-l JjA?- Jp" Ipjj^La 
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oLoJu^l jJ I — 1 


OolS j tl iiLLwJl ol> flyo-ll «*Jcolj^JU ^ci.k s/7 a Ji>o JLSJ 
P-Ls^-pl A^3 iijLJLj Us ^_*_oi ^-jli . Aw>-v2> 0 Aj^jU aJ jj>0 

<» — a] Lo ^a*J-*JI jj>tH<>jl JL J c <J^3 ^ ^ 

j* Lo J-S* ^rrr^ 3 •(*-*£■> Lrt ^ M- 5 ' lt* ^L>«-^l <>* 

J-*j La ^3 aIjI^o AJo A^x^*- /^P ^ital 3 A^A LaJ^s aL? jj_Lp! 

. A-UL*-J2j>- C^>L> £--JwO J”^ Ol j-*-P t (^LwJjl^Jl 0 J-A ^3 

o l) 1 i L^5 v_o-j Awo».L^Jl ijij i -L>xj^oJ li 

J^j ji? ^p (. Jv*j U> ^3 ; L^UliS'l oL^j^oi jJl j t oLo-*j^IjJI ^11 

* — ) Ll5Ul I J.A Ol L .U ^3 j^sl 1.^1^ . jSJL& ^^J»P JlJ>JUs ^LsA2-pl ii ^<2P*x3 
C ^_Jl-^_U Aj I A_*^_J 1 A^Jv-3 U_-a ^j>xj 1-3 0^-^_^>^*_3 L A»o l.« l » -*»A-wP 1 

p ^ ^ ^ p 

cM L^ - 3 ^ g ^~ * '* 41 *** 1 1 wU*-«^r <s 1.1 l <y.^ 4 Lp~ j^ . . a. / ^ 3 L»0 w\-^~ | ^-A 

i aJ jNi ^JLlJI pjJU jj .ajJlj>- o ^2_> aJ| j lg i 1 L> IjIj_> jt— L*Jl 

AI>cJ A4j^)Ut A~o J^xlll CjLliJl (1)1 J^j2j o j5s3 C ~L*_j l^Jw^ J 

|»J^ ^>-^1 ^a-^-Jlj W 3 j->- L^- x«2 -*_i olj t AiLJl (j- 4 C^-vv-J 

p. ^ p. (5) 

i j 0 y^>ss^**j jLow^J' ■ --^ - *A> 0 y *? . ' 

^ L*^.* j*" ^ 1 ^ ^ <_> l_i 4 ijiJ 1 *Xj>t-v^U ^ > I £- U^. 1 j .^_La-o 


Warren 0. Hagstrom, The Scientific Community (New York: [Basic : j-iaJt (5) 
Books], 1965), chaps, iv and v; Derek de Solla Price and D. Beaver, ((Collaboration 
in an Invisible College, >> American Psychologist (Washington), vol. 21 (November 
1966), pp. 1011-1018; Diane Crane, ((Social Structure in a Group of Scientists: A 
Test of the ‘Invisible College’ Hypothesis, » American Sociological Review (Albany, 
NY), vol. 34, no. 3 (June 1969), pp. 335-352, and N, C. Mullins: ((Social Networks 
Among Biological Scientists, » (Ph. D. Dissertation, Harvard University, 1966), and 
«The Micro-Structure of an Invisible College: The Phage Group, » Paper Presented 
at: Annual Meeting of the American Sociological Association, Boston, 1968. 
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d-*Lp ^-'0~> c -' 0 ^-Lp 4_Pj^a 4J2Jjw>t_x>J I 4 ^jLaJ1 

oj j) */? ' il)l LLA ^uLw^» ^jI_ 9 pLU.jJ .^Jl3^1 ^JLp L^o jJL> 

- t 
^^jLo ^jA Njjj L^Ip ^Jt p-i ^j, yajl 

,^-^-L^tJI a J $ & -oJJ A->c_*3>Ij <LpL^/ 3 jl ./a,* >~L> J-£l ,^_LP3 c A_J jl 4 ^JLpt-j 

IjugJ (J^-v C 2-dJl ^3 Lo- 4 ^Lui ^3 ^-Aj wL>c^_oJJ 

C*U_LJ1 t ^wul j J-SPxoj oNl a_P iJjLPj j 4 a ■ ° _j-*j •' — >LxPJl 

[177] /j_a ^y-O-LuJl *Aj>cJ^J| 4_jjJLXj ISjJPJI OwL* l_^vw>c-JJ 

\ySj iljL>_0 <L_<k~L*J do y I jjUo>-l jj J»_A j .La ^<j_Lp 

(Job>~j .(_£ jJ>-Lll J ^-4J»cJl jljJLo AjjI jj 'V j!dJL<i_! 1 a 

. 4_La Lfjb ^yOjjjJl I J 4ob ^Jotojl (__oSH 1 jo J ...d) C4_Lu»_*Ji 
SiLaJl J>j-L>- (jL-P L5 i '-r~ pV ^^ o-Oj!! dUj ->jJo=- jl ( _ 5 Jts iSiL*_!lj 
j»j_L*JI ^2 lilXAj .Aj A^jLLJS <tooL*j! <Cdb> <J Jj»oU ( J5' jlj t 4_p*j! 

. d., tSJb Ljo> _X^ *^- } l-^>- 4jb ^ ^ooil (J^Ljo ^ojlda olol.d>sJoiJl_9 

^ £• 

J ^ La3jJ>-J ^Va I jJjI ^-Jpu! jJL>sJl La3jj>~j 
.o^Lp U jLp L$~~ ibJ j tpJh ^ 4 ^ 5 j->-^/l 

LJT aj! ol 

Cj~^ *-** 1 «i< ^ ^ L-P (1) J 1 

< A Lp- dl-U^ ^3 L<40 t A_^ jJL3A_oJl A_P 

(. <* 

j! jJaJl d)l L^5 c Lw^vp 4-U15 c^jLp o-p>x — o — 1 1 o J— ^JJ>-l3 lZj \ L-^jN 1_5 

^ 3 » (. !* 

A-w<k-L*J I p 3> 1 wL>c3_oJ 1 ^ 1 <1)M J . Lp 2 -> 1 L*-^a^j ^^P LgP^- 1 j 1 j3 j»A ^Js^oJ 1 

j-^P CpN l../? > V 1 d)Lj t AjLbp>tpa JJ-' 4 ' ^ 4 _a1lp>e_^J1 

C f+,,^3 * L^-l.P Lo ULpj C U^So C31p^-ap>c_a>J 1 Jg jiaj>- 

. Jud ^y> L*3 jIa i j^-i 1jJj>- U*!A^*~ t 1^1 i jSj J3j 

,^iaJL> o^Lp dpL> ^jSLj^a jP pp 1 w)p>tjLA3 d)j 


p> 


oc; 


^Jl 


rL»J-«Jl £^oj>« ^JJl J->c3-A>Ji IpLwJ La j^5"1j 
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0 L 3 c -I 2 JL 2 Jws_La_> (S cr^ ^ *^TJ 

4 ^ j -wO Lw <y I ^ C ^ y »wJ 1-J ^ «— I . o 4». J 2 1 l— o »-v— o 1 1 A.^*.. ^ ..^— 1 1 A_^<i«-i— 1 

^3 d>d-<dl ^p»-!^ 4j . 4_>LJj 4 (1)1 £-LoJlP^ 4 ( /j^a^_LiJ|_j 

^A>o^ .L^3l j-l^l wLLP Idp Lo 4 I j^3 ^-vca>jIIj dJ Lp^>J>t^J I oJj^ Jd 

&* £. p 

4 dJLp *doJP ^1-P Ip J->sjl wLd £• ^>JS O ol LgJ j- y3 - > J 

S* ? P 

.■doJ-jJl ^Ip L*-Ua^j 4 Ad^a C;Lu> ^3 I j-v2_P jj^\j jlj 

4 A^^oL^'S' ^ dP ^JlJ! d^Lp j_oJ>e_oJ| r^j L a aJo1^w« d-*Ldj2_> 

^ ^-1 1 j5* ^-L^Xp ^-dp| 4 4j j_s*2_*Jl v^sJl £-1 ^_Lp . 

4 U-*Ji ii'JaJl ^L <J-Pj A-Jl*2J| I pLoJ-Pj 4 ^-g-du 

j ^ la_t ^ J .ijuSs_^J 4 A->^j^ 1 ^Jl d- 1 ^ Ly3L>^j L 0 j) *,<•?" >x^«»Jl ^LoAp-^ 

# f, t t 

!Ai* jjs-LJ j ^jJ! d-^' L £_ ? x~dl d j/| djr^d ojlidJl 

*w2J*j>c_<j-] I 4-p j-^>t-^j 1 a */?,& .' 0 1 *- ^ ' — a-S” j L^o j I u^> 

cjj_& jd=d J ?L»lp jjUt LfcCJj^-j J-P jjjpjH J-i ^'^jv-dJL 
cj^*— > j-o-Jl jj.~Jp» '>*- i jl c- ^JU J _ 1 j/ t jlj_«jl ' *s* jjl_>-j/l 


iJdMi ^dJi 7C^J jl ddll? d-^l^ /y 4 J 4 d^?U>Jl 

(Jl </? I d^LSs-du ^Jl L>*-L> 01 A_J_P / LS* 4 ^.ddlJ ddsl^vJl 

^3 J 4_Lv><| oddl ^1 diL d]j> ^ d d' jd'j d-^ .pl 

J^i-*J! IAa jl jjipl ^il j . d jr- 1 d dlj jJ! 


[178] 


j— lx- ^J2juj j j»L^»-^'i ^Jjlj ‘ulj- t ^-^>u d-^' (’*^) 

• d jl) 

Eugene Garfield, dir.. The Use of Citation Data in Writing the History of (6) 
Science, Irving H. Sher, Director of Research; Richard J. Torpie, Research 
Associate (Philadelphia: [n. pb.], 1964); M. M. Kessler, «Comparison of the Results 
of Bibliographic Coupling and Analytic Subject Indexing, » American 
Documentation (Washington), vol. 16, no. 3 (1965), pp. 223-233, and Derek de Solla 
Price, «Networks of Scientific Papers,» Science, vol. 149 (July 1965), pp. 510-515. 
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t 'y^~i 4j <»LJjJl ^jSs-o-i 

c-i!~l>xXa ^JJL> 6' J^*Jl 1 -La .JJVl ^Lp £t->jLJ! l ^y > 4ijwb>xJl 

(Ol*Jl J ij .1 ^SS ,Jil IjLa-Ij ! y~A& 4jU LaAa-Ij i aJLIi Jjj 

ioLp^o-jx^a <iX-*J t ^ ..^ '■ . ' ^jA Lis' ^ I ‘Lvi’Liu * Fiji's I s-LJuJl ^^Xj 61 

.ijilala olijl ^3 j! A^JLi iX~3 jJl ^3 a-LA Jju 

! J-a L^«3wL 3 ^61 c-^lwL>- 4 »jLl<kj 16-a ^a t ol-b*J6Jl 

. L^xa^vb? ^J-p <UwqJ_*jI 43 aa-eXx^jI L^jI ^J_p t — ^ 6x^63 ! 

jj3 ‘-r^J • XxLp aU-A c-LaAP^ 4a iJ ^XX . i La ^A XXla~*j3lj6l^ 

SjJS 1 ^4-J ,^1 ^ S J W^wO L 1 1 0 J I ajLLVl 

£-\ Jj p fl3 J^SLo-J ( ^ f SsJ .4 j5jL~J! C-al>T.i../ ? .]' ^3 L^jLxAJ ^ p_l*Jl t jA 

^ p p 

. L _^L^^h ^ ^l^**** /y 3 ^-p jJL 4(5 j*^ 

^gj ^ C^L^-A»| ^—«| I l i S L* > , g-*-^ I l^-^j I ^«l— *«wj L*-^ A l? - ^ ~ ^La ^wL>C_) 4 !JJ 

j_*Jl C^i ci^ 4 OwL>“_J wL>c_LoJl 4 _*J*j 

. o L_a 

^ p 

L6L-U 4j ^p - 3 X3 xxxS 6 ^a a^Lj a^-s A I ^-axl o6»a ^xS i 6 ^S6 _L3^j 
jjJaj jLwj ^3 eX_*_> La SjX3 j _Jl j»-*j3Ij-JI jJ^3 La o ^X3 /^a (JLaXjVI 

,*3j a jjLaJI ^3 a*>Lp'( 4Xs4> ^P (_£-LSl jJs jLiliVl 6iJ3j .^»_L*JI JatsiJi 
i»3wL^_J Cl pwa ^w^ljsJ ^wA-P Jj>* J 4 (J^J_>C_) (ji .2 

jLpxj| J J^JajJ 4 L^JJ^ J » J^JLA ^^-Lp OjJa^owJl 

4 o-L>^!^ a-ou^^L^ J\ o^Lp c 1 jJS ^JLp c L 4 

ig <k j .OALi-S' jJLi i 4-^«L*Jl 4 _^jL<waJ| Jg-oJ IwLoJ 


N ap ^ j>-4>_p 0 ^ l 4-^6 Lp>c _>- 1 ^ ^J-^*^ 0 

L^w%J_p a J-&-A ^aw^v^'yLj </?— p ' > U^jjlp 1 Ij_^-ow 4 (j ^_^_> 

.^i2>- 


L>^> ^gijl aJ^Lwa 


^-s^jJI ^Jl diJi A>_^Jg jj 
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j jia.‘ i 1 j— uiLJj! ■‘Lv^ljxJJ i I_all5\j| jj-A J_u2J>- [179] 

Jug l j_s <. AuLkJt uiLLj ^Jl J jJJj .3 L» .«> H 4^-g Lo- " .. ? - N 1 

jl (u_u=xj ^ -uL JJijpI jNl uij) ^Lj>*j ^ Jliii'il jL 4_la_=—'^A_<uJl 

( jAJ t Olj^tJaJl jJS’ a-Luipl j| ,j»_*j.l!jJ < jL-jSl J jL JaajJ 

^vsb-xjl ^jj-il j t jJl La® Z jXS ^Ujlj^o 1 g '. . I 

^*-a ^^-Ju L«j .#j*JLoljj® LgjL. l^gLu?- Lw ? j L^JjL/jj jJ cujS’ 

i-a-wJa j_-*J J-A J-J |*-*jjl jJ Jj->-J <j—J g-v2jJl jLaJ-iMl 

y ^ 

L5u<ua CjLa»*A-Nl Jj>u (_£jl*jl iju^uJl J../?_I j 


jjJaJJaJi ZjaZS oLLva jj__j |j-A (Jj../?»- Jaj 

l^jl ^jLp j*ill L^-.,t.‘i li I <Jb i jL^jSL ^ jjj [^3 l l^ikj j 

2jy>j t 4 j J j>w»Jl ujLg>u>- v i/! ^Jj>ui jJl <*~j[*mSS')I ^alxJ 

y 

L_L*3 c L^_L>ej lh-4^L0>L> 


(p. ^L»^J~Lo ^1) ^ ^ 1 a>bJ (jl J-A ^jy« 1 ^jjJJl 

y y p. 

. 4j Lo^Ji 1^-wJ^ 0^ J ^lp ^*-A ^t-A 


4^-3^! ^Lp JSs* 4^o-a! ^IS"! ^-Aj t jb 4 *^ 

cj|^x>ti<Jl ^ La L-jliSsJl 1 J-a L^j jj>tj ^01 c a /. *><■✓? 11 aJL ILloJ L» 

oLj^aJl® (jl jj L^S" 4 Ijl j-« 4 C— 3 j-v^J J-ild Ay«oJ->Jl 

01 O^cJ 4(JllyJi Jwww*> 4 ®fljl 4 flp-L) 4 

^jl « 4-i > >c0ul A^yOuC' L^J^I 4 *.^,1 P 


^y>Jl oJ-A 01 6 ^y*y2-> 0 jU-l Jl^>- ^Jl 

^Lp 4 j j«5j N 0-Ll^ ^jy® c^LfijUa>j 01 jv-L^ 

dJJ^ ^Jl Ijl 4 o^Lp ( ^a>&j2Jl ^jLaj oi 4<JL>- <JS 


pOj-sjiJl |J^J 4 *^JL^3 .^>jLJ| jtJLp ^3 

(0*^ c0“ ^ t ~* 4 ^ (0*^ — ilwXjl ^ 4 ^j-v*Jp iuO 1 0 

<l>..k, ■>.. 1?, il 4^a_~J-iJl jj>tLoj oL^L jJl Jj>0Lo 0>-a j 
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[180] 


\j jS- <Ly<iAS' <oLo . ( A_^w) ^->c^J 1 *Uj~dJ!) 

iiljjfcj .4jiii>c^o ^JLp o jliu J^sJLi ^•jj- 4 J 

ol j -1aJ 0-*b (t^dLo oJ>LJI 4-jjJajj ojl j^tJLS” ^ j_>- 1 2>\ j-& 

J ^oJ-P wL>t^ 'A.fl.ia.La ^ «,«/?.■> <1)1 (1)^^ ^J-j 

L^-aL^jL-oI (j'J^Lzu c Lo-k^^LS* c luI jjJlII j jv_LstJl ob t<JL>- J-S* 

I-Lo <1)1 ^ L*-^L*XJC5* S !)! j ..A>w*Ji y&j t 

j-Jl .^j-fijJl jS* o j» j-LxJl 4^o J-*J ciLl) 

. 4_P L^j|^ 4 j^Vl Jjl ^ <l^«_L*JI SiL»J! 

“ “* _ l i „ t * 

/^*jCj I J_u (1)1 jv-*-p! j-> ^»..la >o iJX->*-> jl <l>- 4XX^>iV 

. 1 (JX>I_P ^1 4.P a^*>s^>Jl 


^Vo3 4 4jL^JaJl lIXLxj ^*J-*Jl jjJaxJl AjjlJLa O^Ssj La^XP^J 

U~1 oAj Jl_P CJ Li ^JiX>z-> <jl 1 

(OLftJl 4j jhj ( /j-^aL*.<»J 1 y* 3wLp jaJj>t^A j 1 t (jLi^Jl ^1_*3 .JjllJl 

p ^ p 

j iiLvwo j ^uJj*ji ^-u^-i j i jjs o-*Jii ^yji; L y - j 

(j^j Jl 0->l5T 4ljLijJajJl dJUu jl ( J| Uj j_*XX_> j»-*J .j*~*j.jIjJ 

, - P 

IjLA JlP Jjjljl Jlj _« J_L>-J ( S*>^-i»~ ^y^>\ya (Ljuj 

OLjaj (1)1 }\ jj LySA-li ( J5 ^XXj Ajl jJiXpl J VI > yi\ 

<LvS>L>Jl A i. l aX .oJl 4 Lo yij 1920 y ( _ 5 ^>- Ji^/l J-P_j 1 dJ-’ J o^UJl 

p, ^ p p 

vjjl O— >LS” <, cti-ta ^ . ^_ck- 1_£- ^ol 

p «* p 

o 1-S" i LL^-lj . 1— ‘^ > ~ N 1 <» j * * ^ 1 

. ( V)ji»-Nl jl~~?-l OjAAXIjj AjjJLx^r-o 4 ^jIj^ 1 d)jjl^>*J Olj->wo 

j-oJl jj- 4 cfJ-li 0.^-^vw^l sjLoJl AjJaj (1)1 

(jLaj'lil ^J| 4_>-l>Jli i>tU iljl i^Jr-*' J- 9- (jjjiij (1)1 

jj- 4 J 4 „ a ./> '. Il J 4 -Lw«-»5sJ| J-Pj J-X-4J U J-P" -toJLxJ 

2)1 -p aJ^sa aJL>- 1x1 jj j Jis- £^1x11 (1) 
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> J l j l iollll I a^wiL^SII {j-* wLjw\_*JI 

Aj J A^t-^O A^" ^j*w^**£ a_^_Lo jLv^ *3 — < ~5 ^xJi <1)3,2 3 c Ajg-p L,^: ^Ji 

(1)1 C dU^ (J j) *,<2 j>- J-*»j 4 ^-^L-^4.,53 d)33olj *Aj 23 4 AjjjJl J jdlb 

4 IjL^- 1 c I^j2-Li5>tj 03 I 0lXa ^- 1p 

.oljiJl aJL«-^ J jp- 


L^jI jJOlpI .t g ll *• j-^ { j- a c-> s y'»j>*j ^ obj-w 5 .iSLlaj 

\jjt t\*j£ ^yi jji-i 1 jJLi3 ,L^-w%ul> aJLi jJaJL J->rjJ ^ij_^j 

#>*»>» #. 

Jjb ^ \ji j^/2j>-j L *^-jj LoL^jlaI j15 01 4 >Lx^Jl 

4 j\ 4 j\ 4 ^jj ^-o jl 4 jSL^s jJjSL> A.l g.«. > j-oJl lLLLj 

— ' p, ^ 

4-v2-*J 4 L^JUiol ^lll aIl^I ^Jl 4 Lo J j>“ 4 ^ JJ*J lOJJ^ -^j^J 

. aJ. ■>/?, 1 1 djb d-> 1 -X^rdoJ 1 ^->z*>- ^ A-*-w3? ^Jp I 

,^yj> ^5 ^lp “*- c 'Lwj (jl 4 J Jj V .XsxXaJl 4_*J ^Z^qj) LLjlaJ jj__J 


^jL>- £jj ^^a (_5-Up ajjjJU .a-iUxj cJjL>- Ji 1 i!x>s» ^Uaj! 

<0 if 

j] ^aj .<upLa»>' C-jLolj^Ji abj oilpl ^y* Ip j-» ^|-a— 
jJ-O (jl (_jil ^b->*-> 'il 1— g— > 1 La-S” ll 1 j-yXA j jS^J (jl ^Jl 
4_W_«_>- Jjl I jlLo Jli 4J x_i JU»i_X-a £jU- jt_A ^j-aJ Sj j jJ 

p & 

j(j jl (_£.iJl C j_jcJI ^j-a Ja^ijJl |j_*> j Nj .LvA>t-»i 

p ^ 

(jUaJ ^^Lp ^LkliL OJL>«-» 4jtJuJl AjLJii ^ 

^1 Aj>- lj>cJ I XiL) 4 jU 4 yJl (jllaj /^0 


ci-lta (J I AlSCoJ ^JjLw«JL AJLjj aJ^Ip 

4 l cj^ U> ^Lvvw^ ^4 -Lp ^ ^ ^ 1 1 

s* P ^ p 

L^j 3 k — 4 L. 1? .’ > 3— 1 i^_y^ _ r 0 Ij 1 1 3 1 

IS N jr^l (jAvll ^ Cfcj ojj-^aj Cj 


(_^JJl ^.i^Aa-ll -1^ j-jJl ^A C^Lajj/l jl a C5^" (_5^ S * > A ^-«o-aI 

^^4 j^”l A j-Sbi jl ( _ ? 3| ^Ixaxj j/ oLojjllj .cjljjbJl jl 


[181] 
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(1)1 La^IjLa <LlL>- /^aJ>_> 


2 _j 4_Jl A J-ilJ 4_ol_£- 4 _aJJLa 

jl Oj* j-* td/V I ^Ij jJ (^iUJl jJjJl 

oljjj .UJLlpI La-J j^U dii_ta j^-SUj t^j->-l (3 

A-j-J a^LS" c—^L-p cLi>-l La ^Jl j! o'yi <. lIU^ ^Lp 

J-J JJ .j-A 1) j_SL> 1)1 ^ \ ^lX>eJ V cI^LajVI <1)1 J-A J *. O^LpI 
.If] d*ddS ijji J C LLo-l (. ^ jJL> (_£wjJlj L^j-JL>b_> ^JiJl Jj>t^-<>Jl ^J^o-P 
jj-Jl ji 0wL) J^>- j-s jl l)j j^-SLJNl j^-^° J^ 4 

(1)1 LoJ? ^L^L/ao-Vl Jo -1 ol ^5 vaj Jj^v 5 ^La 

.jA-I jjyolvaXi-l <ujl IfiLj 


LpUsLI oU^I ja Ia^u£ oLJuj>I^JI -2 

1)1 . t^JU-A L a ^j-P JaLv^uJ J (Jl^L<>-A-Ol jA\ ^''j-v^ yA 1)^1 (J 

jiS 1 j\ Loj-o^p jiS\ JJL-n^a oaIjj iJ jJl> j*J ^ «,/?j 

* ? p :£ p p t 

LL1>J La» ^3 ^_*_a /j-^LL>L*jl<>JI j-iJl Jo-1 j_pI jJL$ .iJL^oJl oJ-a 
CJ-a-Lj 4jLLo>c_a j_Uj 1 jjfc 1)1 ^cJJJU>j1 Oj LoJo- 

oi <y ^jld, tijldll ( d*j J 7) Ji^' ^ oij^-3 jrtJ 1 

JlaxpI j .<— >d$jJ d«d jJl 4^i^J_ijJl ^wad*J! 4 _ow^L Jwo_^j jJl® 

i > ^JL^j'^Lj j^L*d> oU^aiUj ^1J LflO jJ> CjUj j}>}\ dUj |» la *-a jl jjJl 

jr° ud>-l j t UL^I ^A jj j-j ^ _j-aJI Jdi) 

p ^ p 

[182] <ilj g ...i LfJljl oli j-^“] llU>-lj c j-; 

jljllx>e» ^-1 la,./? o-U j'yUwO^I C diJi f-ljA-l ( _5 A^i t j 
odA y' ^-A ^l-*-ll . I f» ^ i .,f? ^ :.a..ij I j-^-^ l3^d>-l 

.did! OjApII ^ 4d jla'. .,.^9 (JdAdu*^l Ul t Ojdill 


Masterman, «The Nature of a Paradigm». 


(7) 
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JJU cL^LjJLj 4 la ^*1 jj l N 1 l) J-P X*_j 

yA L« . j-&j l-Loa_a 1 Jy>/ JL~J d)l $- y*J! ^ 0-^3 y cillj 

N L^2_j V (jLo-SvJl (J?^\ 4jLs^op 1 li ^^JLxJl 

3^*4 ^yl^J j^jISC^-I ^J> Lsr ~+^\ 

4_P j) . ^..n. >s — a ^1 *-Jl 4 -j 1 ! <Jljj — P *■ — -’l J~^ — ^ 

^ ^ J, 

li % )l3»~ c (J "V 1 I^l^J ^^Ua. «/? -<>J 1 (1)1 j*-p .ojLo-^j^I ^^J l 

^ ^ .>1 ! yJ yJL> ol pLoJv-^J! 3 .olJ^I Ll> ^iJJl 3 *^^3 

^yj-^wu c3 J-^J <* oL jJiJl 4_P jl 4 j jJi) ^ O 

C 4j 1 0^ j-*P • < *-^3J^ (_j*^° ^J-la-s42L<>J I 4 jL£-JI ^3 y^al l^| 

*• 

4_» — U oli 4— d_> <. jJL*J! 4.g ... li (_ 5 ji_>Jl LiLsj 

^t-lj ol [ ^j_j .Lla t— j jJJa^oJi y*o j y^S*l yj,3j«L>t-4 (jLlajj 

y*-l ^lia-s^ 5 t y— > ^ *UjjLaJl 4.-J^.«i/j.l 1 4 jVjJ*Xj> la .| ^? oJ' jj y>cj 

biSjjkl «• j-^> ^y t^ySI ^y^j .;_£j5vj ill 4 JU*- ^y -Uaj 

jLLaj ol-i® ^ 5 -^ • ® < _ s »«Lla-i jUal o!i 4_3j a 1 /? a)) la ,/».» t4_JL>sJl 
; ^y?l_>- j>Uaj ^1 p 4S" yiJL<jJl y— *>jL*««Jl ojL— »- ^jl 

^J»Sj c oJ-P ^y 3 <L^JaJw* t — 3..) Lo ®A3 y 2, *so a ^ 

( _ s xJi «-L-JiNl j»Jajt^ j\ ^ jlj .JjJ^»cJl ^ l-tjJ-° ■-.- Ua’-'j LgJwo J->-lj 

LfJL. ^j-L^SH S 5-- 2 - ; W-^J cr^'^ ‘W-i <_r £ ''- < ^ fLr^ J"^ 2 ^' 

jy is'Ap 0 I 3 ^jl t CjLsJujI jj yj> f-ly>-l jl t oLiJu^t jj 
dU-xS" IajLipL *— iJjJ ^ j i ^Uaj Oli ij Oil ySvo 
L^jI ^J U5 *JX)i ^jj> j_*jI yj L^jI ")l\ .Uw Jwa^Jj 

^lyJ'ill t 4j_al_ji 4_«jl-i £-*b J LlA JjL>-l jJ J .Jj>-1j 

4^Js> ^-s<3 JJ i—9 j—j j^yUadJl jlia^l oli 43 jjj.0,A.]\ CjIj j^C<J 4— j jJl 

.iJlxl! 4— — J jJl ^y jSvjli t 4— 4 j CJ jJl ^y J t iJUJi jyjjlia 


4«^U 


jy^jJi cij L< i— %-4— ««xJ I ^ 4./>. ^..^-J ' djU j-5C-a-i! -L>-l 1 _v*j 
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kL i (_£l Oji <j-« kllj !^J kDi JuAs! (^i J 

ojj_s« 5 ^ I^JW? J ^^Skj l 5~^^ t 4 Pj^>t_<JI ^Lkpl J^3 ^ k“>l>- jl 

ji oUjkJl .(x) (y) (z) 0 (x, y, z) jk kiko. 

jlL^I oli Si j^L^JJ 5 4-pL>. ^ aJJ <lLuJI cjL) ^_SC<J i 

p ^ p 

[183] j! f = ma ! ^JJOs L *-ij-°j * j j— ^ Likk -k- jj .^^LkJl 

. ^Jka o->k_LkJL) oLp L^-— p (£ j~^~^ - k kL-A^ • ^ V/R 

.jj (_£jk-_> Ji_*_a_3l i) jl ( j->j <CoU i x>cJLi^ 


jj i aJjn JjU j~j\ju ^Lp kip iasij-a ^J.,,,g >0 j_l j . 8 ,J-*-aJ! 

i— ^ y Lo_x 7 ...a yj 4_>j^ a.ii djLjkxJi 4_p g-i -/? p i l^_Jlp ^-- k> J^iki 
jt-lp J--* < 1)1 •Cjk»t»-Vl JptJ j*-£Pj ^ 4kkk! 

li^lkl j! 4 kkj (_ 5 ^L*J| j! L&ilks S yxs ^Ok 1 li ^-kl 

(. kip 0 jj^Jj 1^)1 JwUj p_L*Jl i j£ oU t 0 J-^S" kjj J*. jUj ( j- a 

.4— ^jLo-o Jjloo o kya <— j Lw»-*zil iwip OjIjJ 


frlk-pl (_^k l^kJsj jjk] c 4- « ... k ,. l \ yk j£ ok— <k-*k i okas 4k0j 
(1) ^jli ^3-P o JLs L)k>~l3 .klikS" LJLp 4-P 

t(Joule-Lenz) jjJ _ J^r o j - ili tJLkJl ^j-Lp j (.^i 

^JlP -0>00>J| c-kapl tl)k 4. 0 ^-AkSI kU.} <-kklSl kj_L*j . H — RI~ 
aO-A p — S 1 -Ls J 1 1, R, H <— S J J_>k! 4-1, ,<.,a..) l_«— I 4_j4_)l—x 4_j j-*-° 
jkxJl ^ c ojl jj>t-^\ ll ^j-P 4-laksA-o d-'k—w^-skl 

‘cM k 1 J*i Ij-’jk ^ kikJl kjlkj i ^yb^kSl 

CJj>- AjS-Isj j 1 4-jU 4 aJs>j 1^5 Ik j»_kJ 4jy> ^Jl oU>— ajkl ^jkl j 

»» # 

“Aks .^_kJl 4-kuks iSk- *>'1 -/3 a Lfr-Lyg-.i o^Lkl 

t /^-kjJk 4-kk^-j L-5y>- Ok^kj 1 ~ V/R f = ma ^-jkJl 

. L^jk-lkj— — j d^lk j^sS \~J>y>- ok k ^ 

(Jj-Oj ik^ollj Ojl jkl 0 k t kUi t _yk kLjj 
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4 ^yLyg-aJ ^Jt t -LslJjJi oJjJsj 

Ulf- -c-fjjjjO ^ (1 ) jJLaj oN 

£j-> Lgjjf j ( I «jjl*lll J^SsJ ^J>s-^lij aLIS j J-So Lo 

U jlS" 4 (JllLoJl 

« jLxJU ^ Jl5 cjL yu o.oLp1 j-a (Ohm) ^j! j jJli J j-i 4_JJaJ 
jl5 UJ i. jULLwJl Lojtli*-'! .oJ la .,<f?-oJi jjj-LgJ jJj 

4JwijL*-« ^8 j_a 1 J-Aj t L>n^>c^? |»j! o jji3 o j£Ij j! bvSs-wi 

(S) 

jJl cdU^ jj5L> jJj . jj _ (J j_>- o L5 l oJ_>J_J> 4vijL*_Ji 
t ^ jiaJJ oljjjdl jl> cu3jJl ^jJal • [-J a -o- j H84] 

^v^LoJl LgJ jlS l!jU_w»-*J ^jS- ^Lp JJ-®[ y-yi 

jl { jy ^J^8 . aJ-jIao I_i_LA 8 # ji «- J: >■ 

8ja>- ^_> tiljJjl jlS’ ^J_Aj ^Ajl.2 ^Vol^xJI j,g A -0 jJLp jl 

^aIoL^o ^JSaj j^£ja>i-« (l^j^ljxJI A~~*j>) ojLp S Ujup a8jLL> 


»/! oli 43 OjU ^y* <jU J_*_> jiaJjJ 

cu>t j JUVl J~3 ^JJl 6 jSCJl t^oLliJ! 

4_aJL)^3 LL-oJ I 1 8 jl 8 4_JLj j_s L l— «J I C-»L*_*_olj^Ji® Jj_A 

jl 1 jJ-la dJI ^jAJLx-i C^-SjL2> jSj . KoLo-iLol^JJ 

J5 i'jA jl jl 5j j5j»Jl f-lj^-jU Z *£ ^>Jl AslSaJI Sj! 

^8 wL)l_>c^sJl ^J! o ^J-pLaj ^j-A 151 jaJ a5^jJ-<>JI ^ 1 

^LJt' ^y^lpUj .A^4*L«Ji cJ_^-A>tJl j\ 4 0 S^LjI La8 ys 4 


M. Brown, «Thc . j ]j .4 4 Ajolj-I a8j& ys’ a..^.,.^ a t\y>\ j j ■ j (8) 

Electric Current in Early Nineteenth-Century French Physics, » Historical Studies 
in the Physical Sciences (Berkeley), vol. 1 (1969), pp. 61-103, and Morton 
Schagrin, «Resistance to Ohm’s Law,» American Journal of Physics (New York), 
vol. 31, Issue 7 (1963), pp. 536-547. 
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oLol^J'yi ojjs j_J^“ ' 4^1 oi ijl ^ti toNl < — ^IxSvil 

Ip y Jw<>_ddJ djLoJcpI iJ jJLo 4A-o2’L>- oL<jwkj^l^-o 

a»_i L^ ^ 1 o^lJwJl ^L^*pI . ^|~«»a 4 a*»»-*»*o ^ _) o— * o^e- 3 I ^ yip i- 

15 ^-L^a wili-vv-> jL*Jl d->LLj^>- d)| _9 1 4 4dlj aJL>* ^3 L^bj^^jwL-A LalJaj 

3 .4-0 1 j_J*P AS" ^3^L*^«Jl 4_— • ’I ^*S" «_i^j-L^ 4 jL*1o 

^-Lp l^o dl*J ^coLu j ,w«-lU 4 ^-*Jo ^^L»j>tJ| ^IjjJNl 6 j3 <1)1 

^jjJl ^Jl C-0>e-Jt ^lp 4 jL>tJ| oLLIj ^joJ lp-b t CjUaj^I ^J i 4,tf ,*]g (J jJs 
j»-)JL) ^jkj .4-^LdJLa ooSolJs j L^~LS" d-jLfc-i-Ol j-JJ vjli 4 jL ^->- J-^Vl 
£^dJl ^j~a 4 v ^_)l w JL_)^ d3*)Lj L^-a 4^ j_>4 ?-Lw-«1 /^-J ^joa 4 4_P joo>t^JJ 
^J--_4 _j t, — 3 La w\oi-X->tj ^3 J_pL*-vO dLUoj .4o ^^Q?-o-J 1 

JjJ>j ^3 Jpl~o L^j| (J j-flJlj 4 <Lo>sJ>-'^ ^U>s_S"j ^jJlS 

4 JI j_^p .L$d* oJu>-l^ J5 ^^o2_> ^^3 aJ j-L>«^Ji jS* d3 L«j>«j>- V L 4-ooLi 
^3 <1) jS^Xdo ^ J-3 4^L*J| d-»IJj>dJ! tf-Lvapl <j! 4 _— >*j 

/ \ yy/}."> iLJ fa. ^ 1 dl ( 3 ^ ^>-P^j^L> ^ *■»— I ^ ^Lp ! vd-*L^*j3l^»«J I 

d->dLa ^3 4oj_vO_xJl (1)1 J}_jLwJ! ^_3 O ^J>1 JJLlj .S^LaJl ^3 

J^^vldo jJ 4 ^JLP £^Ul O jjLSl ^j-4 J J^l UOLyaJl <J^L>- 4 /^-o L-<k«»«^J 1 

.d^ljjJl jildp^ I l^_*3 

^aUdJ) d^i^ 43 jj.C 1 j^>\^S' /j_^ ^ 

d^ij^dljl ^3 jl '‘-4^- 3 I 0^^, O^lpJ .^-ojJl AjIo llA 4-^-v^ 1 

^-®>J 4 djL<i-^j3l j-Jl ^1 jJl d^Ujww<w-*dil ^3 4do Ajiiio>s_^j! 

'l^jI £-*> j . 4^w J aJl 5-LJ-^J ^ud^-l {jr*-*- jt? 3 ^ 

[185] UjdP Ja7 4_v£?L>Jl 'o^Jd^l ol 4d^li jVl ^ L^oLis> j (JPjj 

La ^3 4ljjL3*o 4 j! 4^)jl 1 j3wL>6J l)I Oj Jo»w 3 s^LsApl 

. ^jdd/P 3 Ld-a /^-djlj jJ? (3^ /%-^-a LLz_i 4 _^jLo_oJ 4_Aj 4 J_^j 

p- fr 

L^_d« ^J_Ljdo La ^^3 L>- J%w*-fij| j-tsl d^-^> (1)1 J, L^dd>c_<iJl 

^^Ip aJ^ijLa 4_^_SUl d^lj-dJl J 4 AA3^ 0 l)I 4_0>&j ^-^3 .’ 4 
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JJaj (jl <U Ua>Jl ^baL* ijlA Lo^-aj t oL^Jl bb IjbjJl 

«• _ s . 

^ ^9 O — w Adp , 1 b_SxP $ i 4_^wj : pb AjL) 

jl (3*lj f-^ J5 J-ij ‘v^ a “0* 

4ja-w^u 0 j£i (jl u^fo ^SCol Ld~>- j <• I^Jp*-j j oL>cP-l ipl_w2J 

p. y > ^ 

(_£ jj-bll ObjlaAl £<J 4. 4 ,.,» ! < J i) JJL*J*J Ub LuiJala ISwLoJ <bwL«Jl«j 

•? p f — 1 

^3 Lajuv^ Alb* (ji obM ^$\Jcs-\ ^j^j') .L^jLoj L^Jb^-^-bA (_^jL>J! 
<_jL*jN! jv—fl J-Jj aLAl t5 j— " kk ^ <_k j-*j t^^LaAl 
, (.at j&j iajNl j^L va>s ^9 jiijl CbbA LoJJP ^ys-jUxjlj ^yljJi 0 alg~. <Jl 
1 *>\Jbi _ lyg.jt j»_ujJi c5 ^1 jji Albas j .(SjjiajJi jLb?-l 

^ / p p 

-b ( jbJj _ LpLabpI Ij-uia pJUJl ijjAo (j'i (i>-l>- N Jl) iSjJ _/b!l 
.^_lli>- ^9 _>J“b U ^^Ip J-b ol a^Sb (J^u u 

l- J L l a.*~ ~*S ^bd-aJl ^ .. ..tf . i l £jA ajp-lj 4^>-lj (jl ^jA <jl j-P 

f. ?t> 

^ (j JL >~j L^-> i3jLio ol ^-jiili .L^?l>- I 

j\^y\ oii 43 j. tf l S ig .<jLi {_£ jj>-'^l CbU j5vAI ^1 jj\ ^y> £-^jl b?lAsj (_s^ 

LAb (jb^A pJ ojj t ibiA iSbJL ApJ-ajbAl |»LSA>-Ali . L5 A la « II 

er® j J> -"' cki J-^ u-"J lJ\ Cr° J^r*^ ^ ‘biJAb 

- ! * 

i. 4_1 sI_«^JLj 4_aJ_xJbaJ! ^l_Sb?-'yi J .4JwO«_ 4 ip 

— # 

Lo3 . ^^-1 ^^1 ^ I j^S-i 4 ^ \^ 4 ^aIsOw^I 

4 4^oj 0_iJl ^1 4_j ^> <J f'-XS' IOj 

j j-J 1 wL_ 5 4 4j-^sJ>OL^s ^^bJl <LajIo_ 4 (jl—Jl 

dUi (j- 4 O i^^t. ^ ;j -*-va jjJjP-Tj 

-»— wflJl ob c j^jsJl (j p ~A a _i ^ ...a -L-4.j 0 »-~p- < J. i i ^-o-Jl diL ^3 4j| j_A 

xia .4jLLb>i_4 oIjLjlpI jAj t Lfejp-j oAp-I U> lil 1 

<jj> 4 J jl ULwJl Jil iij jtS\ bblj^JaAt 1 0 jbA 

»> !S " p 

.dU^ ^^ 5 -^ ^*d>J • : LodJl 0 j_xdJ jj j_j 4_^jwLiJl jt-SsJl d jJijJ 4 ^ ^jJ>-l 

^Jjo i^C^Lj ^J-P A_S” jZS+ * * (1)1 ^>3 4_il_ (J jJL) 
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ill j J .-J a .) jli t ( aij-aj (1) 1 £0 J C aLaJL*Jl 

* f, f, 

l 4jL^>- j ip ^iJl oLj^ij LjLj^l Ji ^ jLo 

.ip p-Ls^lpI ol^jLio obdJl a y? ll L^-a j 

[186] A^w^U>Jl c Jl& aJLLwJI J j «/? a ll *1 j3 ^JlSU IJj JJLlj 

<* S' 

y> c d~o^Jl JJis .^yii y y ! jJa>- Lt*-^s ^JSLjLi iS” ^xJLaJl p_uiii 
^Jl C-dS ejUij t 4^jJL*-a jUl L Jia~ j iJljJl J _->c_oJL> i j-^-f ^1 
J jo- |J -U U ^ J t y> jjii LjlS" sUJUJl <Ui ii ^j La jl i _ s -Lf' 
4_1L>- j»ww»jJ| jl ^-JU-jLxa ySjjhi y~j jLLi-j/l J-La jj-al 
jJ^Ls-sJLj Lita J^-a-aJl ij Cx^~‘ ' *~ a j^ Ej—Jca 4_1L >- j 4_oLp 

jl ^ c^jSh .JJb- <J\ y jv^aII ^l£=-l Uj> 5 _ r flaJ yp~y\>- 
jS ^ A^-Lo->eJl ca!^Uj>c-o j jl aS” ^ uj^Jl 

ys\ . 1 ^ • „ a i 4 Aj j \ a 1 L y * o-j^y AjP ^- aa>txjl c-L *jzjf\ L ^ ., 1L \a„) 

istfl>> cj^KSL . La i3U_» j cdiii? c~~~J JJL»J! jl 

i jL« jl jiS?U ^abJl ‘-*ji jt-i-9 . (<JL»^»*Jl ^v-Lp <L^lau 

j-4_3 a-LLajll ^J_JL«J L^-,3 jUS" (_5^il <L»l j^-aJl <_bU~ ^...g.,.,A *-j 

S S p 

I y ~ f 1^-^^-) 1 1 a^L-LL ’:, j 1 u^-aLI ( ^ L , i l j <> 1 1 La3 c ; ^ 1 


La ^jLA>cJUi3 . A-a_*jlJ1 di-L) LaUJtaP- 

jl ^-^-8 i. ioUJl A^vi’LsiJl L«1 .^jl ja-i ^glg.X-aJi (_jU^jjll -L*J jv-l jJ 


Dudley Shapere, «Meaning and Scientific Change,» in: : yli~ •*->- v ^Lul (9) 
Herbert A. Simon [et al.]. Mind and Cosmos; Essays in Contemporary Science and 
Philosophy, Edited by Robert G. Colodny, University of Pittsburgh Series in the 
Philosophy of Science; v. 3 (Pittsburgh: [University of Pittsburgh Press], 1966), pp. 
41-85, and Israel Scheffler, Science and Subjectivity (New York: [Bobbs Merrill 
Co., Inc.], 1967); 

Criticism and the Growth of : ^ (Imre Lakatos) ^ jJLS)lj j-jj-j c-^li-a LAj j 
Knowledge. 

-v^LSL'l IJjb j ../fa] 1 Aj1_U y *uijU.l ft? '■' (10) 
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l ^_)6 L^-Lp ^%wuaJ! ^-J ^ -> 4_-^>o . |%» 6 *-U Aj ^&jJ>- 

o' > 

JjL* ^~LP C-*^ L>- ^%-Lsl*^» 3 . L&^UP o ^Us-Jl i — --> cj ^lll 
.L&jlai*- 0_Jo o^j^> CjL j\aj oL>-l jl$\ ^ la,*^aj 4 6 oIp 

9- * S- 

4 6oj*5 IjwLv^ LaLJ iyi ^3 JJ j»^P aJL>~ Jj $6 ApxJLo ^LvApI £^d>- 

j%— LaJI O^i 4 J-w<sj L^-4 -LAj oJ_jAj>- 6 j jJa_) J-S" I j_ LsAJLp-l jl 

£jij 6 l ^ J_P 0^56*6 Jb4 \±\ 4 ^ ji>4 A^_>- 

4 0 lijL>t-xJl ^ cA>Jl J5" oL>&j jl 

. LaL^j Lao^j>-_j ^wXaJo ji ^^3 ,JwJ«9 ^ - 6 b»& (j^^j 

=* t # #. 

( y^ V-b <. aS ^3 ^ I ^jj>*JJi 6^56 61 jj^^i jj^' L ^-i3 

£—tj j-j ^-3 j_a ^ ^ 6)1 jLwL >-1 65" j^5+-a xp( j_£ 

• ^Jj jji^J 1 ^ .Ax>J I ^3 I 4 P J L>tJ 6 6 *-*/? ^ 4 0 ^1? Ue^J I 


jU*)ll ois 63 j A V?„-o. Jl j_v^ 6 uP £->lj ^ ^->c- ^ J 

a 6*3UL-* ^-w>-N! ai$6 4Xj>-^JI ^j-^1 j~^J 4 ^ollijJl 

o j j-^2_> L^>jljw 4 j-JU ^J. 1 ? »/> -0 6j-S 6 ^y Jl Ij-A A^jJ'^i . Lla 

£j_Jl 16-fcj 4 6Jl JJl 0 6 jj^*JJI A^-gJLaJl ^j-JLj>-bJi ^jjs a6_5 [1 87] 

6-LLi jL^I ^-0^6 ap aS 6^-^-° 

Aj i-L*w^*i 6 4 Aj <Ls^l>- aLj>- wU>&j 1 Ji3 ^JJg.^J-oJl |Aa <j Slj ,A^lSl5l 

(J J-L^- t 4 _)l J_l diJ-L . (( 4_Ox_ws^5^xJ 1 <J_L« V il8 ^-1 .la ,yg, Lxj!! 

4 j|j_) ^Ii2_a c.j'AiaJt L^.^i^j 5 jjLaJl 0 *>L 5 v_dL^yJl 

oLI$j ^ ^1 wuUl^u^l ^ ^ oj15! a! j^ai ;a-^1*JI 

1 — J>«j <S I A.ljLa'iM oj_* (^Ij • Aa»mkI jjli! A^a4_L*J| ^-^SS (Jj_«a3 

Aa14x]| Cj'jlSwdJl (J ji->- i jA-*-‘ tji'il wb»Jl t 5iLvi>! 

j-w»- ^UX«J! jj ( __ s zJi i oLjjjJ! 4 _j^I Si j^>- 

4_c>«j twAjS’ AlLa'^L) Lsiiji jwgJ j-g-^.i (_^lj t aA>-*>U 1 Ad>i_J( 
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^j-w> ^jUxJI (jl . +..^ L^.j> ) aLJjJI 

^SC-jJJ ^ ji>-^!l d->ll j5CJi y5l pJ_*JI 4 JL 3 J 1 JI 4_jJI 

aJcLa^M O_^*bo 4 (JlboJl ^J-P 4 J-So . A^oUajJl 

c^LiLUJl (Keplerian Orbits) _ r L r S' oljlJLaj cJ-SLtJl 
tA^Jj Cb L> c_jj J-j ^1_P JjJj_bJl j^w^-y?-! I ^-cLJLaJI JjLo 4 

Jul JJc jv < --> J-J-> J j-l^J .<J jJbboj} j^>-J 4 4jj! j^xJl iillaJl 

<LsS>z^/ 3 j-> aALoI <UaLw^l j}-> L^3 (J Ajj- 43 dj Lo— 0~*jJ I ^t-w^ J-> 

p-Lo-Ipj a^Lv^JI aJL>tJ1 p-Lj-Lp ol |%-p ^J! 

J-lP l] _^JL<Jl tjLi 4 <1 ) j_SjJLJLj ^ jJajJl JJL>Jl 

. 4_jj|^bjl ^xS"'y I ^LwoJ-^Jl oaLiu^LlJ! I ^vvJ 

4^ Alyls' 4— 3 

0 U ^nAi /? .i6ixJ 1 ^ yj ^v*J 1 

A-LbsNl Oli 4 I JJ .^LlSCJl ^^3 Lo^3 OwL>- jJlS'SM A^>-UJ| tl)Nl 

( j-* (_£ ^J>- S/ I J-i V I A-^,y?..X..tf-> Lo~a jXS I U L_1j I ^-*/2jL4-> Ot_«vi? I 

^jbsLb <1)1 ioL*Jl ^_>c_j pJ . ^ 0 Ua j J 1 jLU'Vl 0 I 3 ii a ,/?.*J! oLj j-^w° 
^3 jl ol j^X>t^<JI ^3 ^ — j^UaJl L^-p-1j-> ^Jl 0 ¥ >VS\JbaJl ^.UJl 

«■ f. * 

Jalb Lj j JJ ^JuL 0 j_A <1)1 ^LjjbpNl ^jj l jiaj 4 A^-*>ljw\Jl <uJl*JI ^b$\Jl 

* 

N s JUajl j| <. J-J J -A3 .ILL* 4i Ji t_JUaJl ol^ Lo < 3b a -’ 

=“ f, & 

4_>jJajJl ^*_L>Co j*J U li'jLUl O*>\_>^Xw0 (J-'”- i_5^" 
tJ_p|j_Ll!j ,_ji jj-o-SvJ «u_»J_!<J! .L^-i^-JgJ j_p!j_s 

till dJjlj- ^)l ^ | ■ l » a„ « la.j iw->L-JlSN 0*^Sw^<iJij 

[188] ^as _ r *^j( ^^w>c^AJ 1 u»a (j*l 0 

4jLi t ij-JiS O*>V5LUw0 i JLiaJl (jl J-*-jj .^-Isli*- JUJ_>cJ 

■ ^ | - y& 1 >y*i ~ <J — X~J i L -a ? I A ^ ^ ^ - ** ^^ ^ p*!* 1 1 ^ * 


307 



jJfc 4 OA jLS-ljOiJl ,J-o-*Jl bid 4 c~3 jJl 4 Aj|0_Jl ^3 

ols 4 Aljojl! oJlA jj3 ( v r « J .A_*^JaJl ^jX A.<j_£-a c-Lb! 

4 J 0 I 3 b J jI SI ^3 Lg_»wj3 -13 ij\j> ^oJl oLjjJilJlj jl jJjJl 

•J^ 

^1 jL*203>-Ij 3jX 4 (_£ ^Aslx- ^ iSj^H <-^ C3^-5 

f* # f ^ 

L*^l j LS"! jjLJol 4_? a_LLo^/1 j_>-i OLS* JJLl . <u^-a j-Sl oLo~w<»^xJl 

1J_A 4_^l_P flj j - y3 -J <— « ~ C ^wXi! 4 ^->Ltii j->*Jl 0 ^jLi 

^JJl c a_*JJI jJLp jl ^JL*i . f = ma : y>^S\ 

( *l*-> 4 J^-Aa J ^>kSj* P-Ls hsA 4_L 4_j ^Jau J-3 ^J»jLioj! L) ^ 

c-LJip -^J 4^L5 ^jx *^j 4 Ajta jjij> A-0*J 40w*j bx I ^ r b5' 

jA ^3ijJlj .jJS ^3 Lb>j ibxsJ j j3 ^jA 4 AJA-Jalb IJlA OxOUjI 

l_A JJX (1 ) jaOJL ■baJilS' aJ jv-^JLo-*dw)tj 4 33jj jb aJ t-gj ^*3 Ajl bb- bl 

LxiiLa ix<waj Ajb j3»u 4 /y^asj 4 a^msLjjJIj a ... sig'. oji 4x'yL»jc~»'yi 
4 is I bj . ^ .-. Satl lj ^^-a^JI (J~° jja^/I Jb ( _^- c " bjJbljA ^-4 J ' 

^jb AX j — _>j 4 j ^ . ) at".xn A4bL>tJl ijli 4 A_«_gA Aj>-j 3 ^Jl b_j-4-40o ^_g3 

AiaJL> ^1 OJX JLv-> (jl A ^aJI .AjL>-j>lJl g >Lj3L>cA 

A A 

Lw-J j_>uJ Li-3 J_4 (j J_^J>“I J_J 4 lj-<J-*_J L-i-A-S" .dU-S I 4_L^)J 

^ A 

?4uU-jLvJ!j 4ji£l!lj 4^jiJl 4^l>J.la.,.x’x Ijjkdo 01 

ljul Ji>-jAj V jl ii>- L 4 J 3 I 43 _J*d! A^s-Ul 0 -La (jl 

J-** 1 ' j'jdaJl A^ijjCo (jl 4_0>tJ (_$djl (jli 4 A»^ujLo^»JI ^3 

joisw oL-s<^Ij j-^lj (j-lg-'-o-U (JU>jco>iI aJI>- LoLo <«i— aJI>J 13 .4iiJ3 
L yzs>Ju\ 40 ^J <y * bllii .f = ma Ajt^-vaJl 0 
jl > JUaJl Jxoo L»JL>-j .a^jIp djjli aJsa>- jl 0 jjli jj Ajl ( _ ? ip 

AjJ^ ^!l iOaL»^»jcJ| (jb 4 aJIj ^IlSsOul t^_43 JA ( jji ^ujLo-oJl pJbdl 

—j ^ 4 .*i*j aJ ^ J j •- 3 4 A j/ I_< 1 ^X— b I 0 O.A I 4 — J— X ^ ^ 1 1 
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i mg = _p^i f = ma jjJlill ^aj ^L~>-SM 

4 mg sin 0 = -ml^f J y^~i ^IjjJl ^1 i_^jJLj 

ir^i ixr^T*y > i'j 1 *' ^ ^Jl V~~^J 

[189] tnii^-y+ k^i = k 2 (s 2 - St + d) J-SLjJI ^-Lp L>_k|J_^l oLlS - 

JU-Li »— j 1 j-S3oj J_L a lJ 5 -*-j j-iSl 1 islj-« 4_~ xJLj 

f " ma 1^ l^p ^jLJjdl cjjJjiS'l j^^j^ t_ 5 ^>-1 I33»j 


4 (_£jjjj! JjwLsxJ j*J-*-Xj 41 JUaJl jUs 4 jJJ.} £_aj . «L> yx-nt> j-lSl 

jl aJ jj^vj 4 jLLj>s-« iwisl j_a ^3 oLpjL^lJlj 4^Jj-$\Jl j 

4_*_4_*aJl jLl»JI 4j>h— *jJl ,y.-wo. -^?.) Lyiul <i— L*-> jj Oj-SCj c 

»< 

j,J ^jJl £jJl j-o j U ^ L51 p j <.L^; L» -kjy f = ma 

?ld^j *»jJL> jl jt-L>ij 4_ji^s . ( J-3 jr° ^ L** jp- 'ViL*^ A^-\y 


JJ-P iijjLi Ss j 4 4 jLp-^AJ U-boLa o^Alii lSLu& 

^ p. p ( 

^j-a *>\ . /? 3 Ijl jJ j»_jJl |>1 la ,. " i L>j jj j^^-i ’‘AJaJli .^uJ>-jj_4j jJljJI 

jiji 4 *>LalS^ Lo_£3 o j_«_£3 j*_£->lj 4 ^^IjjJl jvg-jLxjS 

4 ol*Jl O Jus J .^J.yg.4,11 AjI^j 0 . 1 ju>-j»*j| JjU^jJl PJ-P Ju>- 

j. ** P 

c^JLUJl . I £j 4jjj ^JaJL C->L) dlL jl 4 L*^2->l 

OlS* JJLa AlL5w^3 ^ 4 L^JJ^ jl ‘Lo-L*-^ 


( j-% 10 s-JL* iljLowoJI 4-Slj^lj 4 *uLislJl 4JoJjJj J Ji 

■>J L^_v2-*_i j J- 0 jji 3aj_^j (jl “UjS3<»_; 4 jt ( j-oJwlL»JU« 

4 ^y jl Jli ,Jl*S L^JuJIaJ UUJj! u?j3aJL 4jt^JaJL 

ajLiJI oVU*- 4_Jlkl! 4j~Jlpl #ljl iiJijj ^15 4 f = ma JijJj 
u_ud QajL>sJ 1 a^LS^II 4 L^j-p 4 j-p>«-o 0*i 4-d-p ^3^ 

ijj ijJiJ! jl ^iUxpl ^ j jl <u!p 

oLp^sJ>^» Lg-ilS' (_>l 4 I 4-wjo lulls’ J i, aslj^Jl 

4 jJks3\ U_S ” j 4 ^ 4 y>\ iSy>j j^-wo-jo ^ Si jl f = ma j jJliU 
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^ Ai^>— *— * l , -.. H Is 1 1 A-w-vJL^j ^jJl ^**uJji -1 1 1 

^3 jl A3jjj j*-Lj4j 4-U-P j->*->\ *\ y* jjJl A.LLa'yi 

<* )* ^ 

Jj-a L— *_a taj_£- i jLla.Ji Jl-o-SL) ol J-*->J .» 


— < <v .l») /'? ll I * 


^Ji ^kj a> 13 c j>"l ^ 3^ U-^l J U*>k>-I JlS 0*>VSww<Jl 

A*kLl^ t ^>sJi A_J-S\Ji 5 jj>v 2. Jl ^3 LaI j_ 3 ^%-3k_S* A_gJ>-l y ^iJ I C_A3l 
o-La j-Lo ^Ls 4< jj j>-NI ^jji AP- pL/hp^ L^vu2j 

J-il3 . A_u j-Xj AjIJu ^3 L^J>- 1 j L a-Up aJ C-^-Li Losijlo ctlk Aaj i_ 43 1 ^-oJl 

LfjjU-lj 3^3 -!! La j-y>- i^J j-^ aJLj j L ck^Jl y> 4 Jjl^j 

. AP^-O-^e-k I 


^jjLj y ^j-3> J"? Ly^jJ J ^ L? .1 4— ^xSCaJl A>LkJl OlS^U jj 3 oj 
J j_UJ ok-*-oij_j .^.Lp oLj^-VI il)^Jj>t-> *-LoJ-*Jli 

=* t- 

^\ Ja-A3 J-J-3 * j->J AkkjP 3LU.3 l)j-$o Lo Ulpj C aJL>L»j [190] 

^J-P o j-S” ol ^JJ Ip J_^-j JJLd jJt d-* Lowwo-*_lJ ! 

pLijjVi L^^Ip^! JaJi3 4P 3 ^ ( ^aS\_> Lo c -wlSL JjL« j-^-v-* 3 

Lk C OjS-L>ejl ol? Lo-^-a l)Ij ^JjLa ^JLwwO TTik.— >■» ,^-Lp Aw*<_Aj 

Aj ^5* 0 ^3vj ^JJl ^jJL) L^-~-Ja J i j3>tX)l v 23 ^>j| ClU^ !^ji O^ ^v-Laj 

^\s a i ^*<lj_! ^S j-* 4_LSi*i^ jj-xj j_a ^J->- a L ? aj 

( j-^ Jj>-Ij ip j-oj>*-o t ^JLo li ( -)'S aLj^ 

L^-So L^j Js2 _)l^ l ^-*_L3Lp ^- j 

3^”^ C Ja_}l_5 i-ii3 -La_j^ .jl^-^-AVl i5 3 ^° aJs-^Ij ^1 JJp- 
^J-*^2 j LaJjp l LfP a^o3L>- 3 ^* ^ i^ y* 

Alo Ij-J (^JJl J-UJI Jl V I ^ 3^ tAki) Jpl ^1 Lf^» -^-Ij 

c k j-^JL> 1 1 i (,3*^ 1 ^.*3 1 a^-oL>- 3 ^^t^ 

^L-S* (Daniel Bernoulli) ^ y ^ S'! j .jkLJLp 

j|j->«ji 3Jj>- U5 .3^-J ^-A y^ L^_jLka AA^-^ ^y ^-kJi J^3 .-Ij 
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ij e-LoJl 4_«_>.>L>- yS j^> 

4_L<ajtL4 aS y>- i) *L«-3l *'S'j>r J3> jl cj-Up J_*_i c Jjj-iJj 

4_£- j_«Jlj 4 !| J_^aj (jl L» £_L-J jl ^| ( _jJLp'yi J_>cJ 

yS jj> (jj^-j (jl -L> 'i jjuj \s-j .5 j- T _ a . l 1 ci.Ll_i eJjL>- 

c-LaJl jjs is j.,«^ j ujL^wo Sp jjL o Jl oU_>_^>Jl 4 _o^U>- 

U s 

(_£jj-3 JlJ>- ‘U-SjjwaJi j^Jl 0 ^JajJi dJJj (jr^J •*— ’ j-j'^Ij (jlj->cJl 


( 11 ) 




JU» ^Jl jijjl 4P^-a 


jj-4 I- 1 4_wLX-l U> ^W5 jdLl JjL«_)i Jlii lj_*_l (jl -j— I V 

o-’Lp^.s^ j -<±S j 4 4 j^Jl , «L>3 j 4-g_>sJ 

ul V 4 _***j2j CU jJl .0 jjUJI |%-k«wu y j\ 4j 1^ o j-iLd-ll 

4^-JaJL ii oli 00 j- 0>1 bLJ 42 . j 

^1 (0 ji> iij jb 5j-^v->rJU dJJj> wL*j j 4jLojJI 43 ^l-P J-*J 

o^lSs-JOiJl j , ( /^ol jl Js-\ L^JwO JS\ ^bl j^oJl 

^3 i.j A ^-Lo-Lp y 4-Lo>I L^_LS"^ 4 (JLloJI 63^1 

& & & 

c_i j £* J ...lai ii !Jl>-! j L*— JU U jJli C-wOwL>w^<l 1 ^JLp ^^olzll (j j^Jl 
! JbJl ^>cjl ^ Ip r_l Lj Splpj t eln>sJl Oj-LlJl I.X~« 


Rene Dugas, /I History of Mechanics, Foreword by : Jlill J~_» ^1 (11) 

Louis de Broglie; Translated into English by J. R. Maddox (Neuchatel: [Editions 
du Griffon], 1955), pp. 135-136 and 186-193, and Daniel Bernoulli, 
Hydrodynamica sive de viribus el motibus fluidorum commentarii Opus Academicum 
(Strasbourg; [Johann Reinhold Duisseker], 1738), chap. iii. 

y^>~ ,^y y& u jd*s* o^jlf ^y> J_aVl i. „ a ./? il (j wLolSU.1 

Clifford Truesdell, «Reactions of Late: jiL! , iSy~'' JiL—o Jj=~ L^juilj^j JiLJ.1 
Baroque Mechanics to Success, Conjecture, Error, and Failure in Newton’s 
Principia,» Texas Quarterly (Austin), vol. 10 (1967), pp. 238-258. 
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jl -b M j jjIaJJ ^ jlj • jJiJIj 4 j-*-*aJi (_£jL~-j jJ-a-aJU 

La lil 4 j^jULU A_Ja_iiJi jl^ diJj /«-AJ . A^L-a^I 

AP'd-s^Jl od_A ^»a«S A 1 1 ^ j 1 ^3 A_.>. .-A P 4 I ^ -jIa wL?»- f ^3 l ^ .-H ^. l a j 

J->aj dll ^Ja 1 ...a j oLa-LSUI AjI {C, J^*!> aLjJ^S I JUaJ 

La ^JjLojj jMl ■cSU 4 ol)lSLL<iJl cJla 

£.*> i o'>L3Ljl<iJI ( _ 5 ~ > - Oj-*j M ( J^>- jJ C-J^3 to ISI oUiS^Jl 
A-ohj jv—«^xJl lJ — j M t aJI A^wjJtj .ia^g- 5i ju> 1^15 oLa-153l jl 
$ j-»,^a,1(i)j « < j_*_«JL) ig j-> ^Jis ji ji Lajj^ Mi asJs-J&j 

* (■ f- 

(wiilj^Jl LL_Ji »J_*JL) jl (_^l 4 (jLwVwJg jU^Sbo La_a KajiJlj 

4_^-*i5b M J .0 jjLaJl <U_L*J JJi t Lg_j> j-*j M 4 Aa, ...la.Si L^j> jjt j 

jj& Jj .4j j^as*- 0 j j^iSj A.lj.ai ^Lwuj Aia~j j*-1aJ| l jA ^^dl bUJ.i 

A_ *JlS Aj,jLa aJJLaI l_£AA^ (JIaLa-LS* a t ^lajAj LawU-P 

iijLp sjLjCUaiLj ,L*a jLdjCu oLa-LjsJIj AA^_Jajli a aJ_a_*J! 1 ^,~ d.jg j 
jl J yJl j£*~> 4 <_$ ^1 3 ja SJuiJl (Michael Polanv) jj JSdlo 
jiS'l ^»JaJ| A^ajLa-aj pJbCL) KCiij AS ^aa^ j-& aJla-*JI ojjt> La 

• Aj ApI^S j - -, fg > e-l /^a 

^j«a 4 43 — 4 

(3^^ ^ & jJl J A^Jw<^jjJ| A_S ^-*_xjl 3 jLiM! jJJj 

L^jI o->c-pj I ^ bJj» wLp! 

P A' t- 

^\ aI jjill jjjs-*-! jAjj> aiU .iJ ji*A"^iUlj aJIJUL oIaL^jM LaL^I ji jJ 
( j^»J j LgJ-l>tJ M Aji ji ^s- j»Jl*JI jolil djU>-l c — ‘S 

S< p ^ 

j£> y>- ^JLw>-U J bli .0^->bJl^ ^-la d -oJl C5^” 

p C. ^ * p 

OJj>sJ| O-b” cNji 

aS* ^L vLoJlj 0 iJL * I Oob ^ jS>-^\ ( ^Jbj . 4-0 Ja> 

j~q~>z-A pL 
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« 1 0_\_A^ 4 LoL) . A»P ^wO>J>c_<<J ' 4-> j),.*/?.*-] 6^-1-pj 

[192] ^Lp *• > jW t ^ J j*j^l oVl LL 4 Jj . Ao-L-<J| <u?-ljJl ^yi 

(_£ J-Ls^ ^_Lp C-»Lw> A_ow1j-LJ ^ ^>. yg >0 ^_J ^*uL>- ^-^L)j_> 


^ j-?x^>J -Aj ^ ^j-^j • j-^ ^j-p Lla LLj-u» J jjl ^jJ 

A3 j_*^*Jl ^P ^*-L£o! LaJJ^i . Aj ^I?L aj jj^SI d^s-Jo 1)1 ° 

Ji3^«J ; U 4 AjS* I 4-w*c^_*^ ^-*Jl &■ a ^ a , ‘ >- ,^ 3 

o^j>- j-oJl <3 c j- 4 J^J^aJJ A_JjIS JJ!I jl l^JaJj J 3 I j-A A3 j-^-oJl 

L*3 .^LwJ»Vl Aj j-& J_)Jj>c_> ^oLx^a ^3 J I 4 ^-SJ I ^ 4 -Lpl jJlll 0 LS* ^3 

»< 

^Lj c3 j^j A3 I ^3 AjL jJs? j-A ciiJ^ ^0 ^ J-i 4 (_£ ^Js? L>- ^3 J j_>ej 

j-oVl <Jjl ^ _xpI ji a*_L I^jlpLv? oj^pI Lo ta| l^LjU 

p. ^ p 

jl . L^jl^ V^Aj A.A.«Jg jJL> ^j-aj aLL!^ wL*-> 4dj>-ljj t Au>i^ws^ jjJi aJjl^VI 

4_— >L^dS"l ( jp jt-lSvjl L»jap ^1 4 LgJlS aLaJI ^j-p j^aIj 4 <J jil 

AjULo AjL L_A3 j- 4 lllj.il ^i-p SjJiiJJ jAJI aILo^I £jja 

N ^^Jli ^ J-r 5 ir* LaTj aJ * ^-oJl 1)15 ^ j5- 1 4 A3 1 j_^J ajLJLo j^s* j 

}U15 L>x-a-n^ j-j ^ A-_Lo*P fij-So jA-3l ^wLmAj 0 j5l 

f. * g, If 

(1)1 4 lLLI.3 S' *)I _Aj 4 4_<^_P^I u> * ^ ^ A-i-J-J 

®?ISL« A-wwvjJL AjLJds^ \ (Jl^-«Jl £> 4 4JL**«]g ) 

^uL*-<>-L 1 ^j-oLdJl aJUJI 6«La ^3 oJ-pLil (w-«-LL? ^a <j!jj_*, vjl 

jjtiUI LI J 4 A^jLLo olpj-<»J>t>s ^ A^?l>- 4 A3 1 ya L^J LJlAj ^^Jl 

^Lp aLoIS* AP^iJ>c-^ ^j-P ^1) Jj-P C^>cJl ^-pV I 1)1 

^ p * £ 

L,i> j^*-« i^JJA 0 I N ^jl j^P .iiUJl ojji ^ (JJVl 


Kuhn, «Second : ^ _jll 11 a j s- ol> j-U1I ^y=^->. J p J j— al-! 4>S^! (12) 
Thoughts on Paradigms». 
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Cr* t_y ^ o- 

u-3 ^>ol ol (j- 4 ^ J^j^~ ^- <> *-*-’ 4 \s 4^j I lLUj ^3 ^ Jj 

$, *— ■ ? ^ 

* j^JLJI ol j*£- c o^l Uw?l j o-W £rr- l-*j .^j-v^^Jl *}LJ-3 

4jL> jj ^JL*J|)) J±* ojIjLp I ^Lv^Vl c _5-^ 2j 

w =" 

^3 lijj>-j 4 _^j2j oLS^jl ^3 pL /3 3x0a l — A3j .Lol^ iJ-U-AS” 

OoLgOwa oL^lb L^_j\ cioUVl j t~Pj 4 ^OJOvU (1)1 Ju *>\i 1 4»^ij aUu^l 

£. ** fi» 

^3 L <k - ^ - ^ ^- o U -i. -j i j ! U ^ .* tSLa L (j LS* ) • Li— L ^_j LLj 4-^-> L—oa 
0 J ji N ^LJl .(aJLUsO (1 ) j5Lo ol^lO-^ Oti t 4 — jL olSLJl 

,Sj j>*sS\^ 4jj_LajJl /j-fl olLp 4 j>-j^ ^Lp (-5^ L^-) L—3 4 Q>1 ^ L-oJi 

p" * 

^j-Lp Uj^cj *(_?"■*’ vlr 4 (j’O-J tj-w^U-Vl Oo N. b (jj_SLL»-j jt-Aj 

j^Jjo d)l jj-SLo-jj) .LLtlaO ^jjjJs’US ( j_>j_A i j^^i\j>-\ d)Li ^/>\j^i')!\ 
ol (_jJ| ijlSC-s (_$l lijL>- k >La j*_5 ol jJ*hll l _ 5 -*- c ‘ ol Oj^JLJLaJ! 

^ _,_iSLS! oti ^jIpj .(1794 j»Lp ^ jjJL o j^r *uo j [193] 

■dlljilj ‘O-oJl ^^jLlj La ( J.,^?...>I^J ,.,,3-^Jl jl^>j! ( _ ? 3 ol — Lo_*Jl 

La SOSj^s 43 ^^a O Lg3 4-LJj5ji e-LoVl ( j~i • ( _^L-a>-^l 

cl*~uL oLaL^Jl ^oOj ol ( j-Sv-^j 1 j*zS ajLI jo*x-« ooL^-Ioq ol ! 

(j} I j^^lj ^ I <A)-0 >c- 4 ^^-^L>-l Ol jjJpJI ol J 

1 > 

^02—s.^^o 0 i> I f ^O^ i . 0—1 1 (O^ 4 6i-0_^>w^Jl ^^J^-li2-! 1 1 

4 o J_S0_~*J oL*oOl>coa IjLiJ ^JJl ^1 .i-OjjJL 

/j-Ss j jJj ^O’j j - ^ L^S" coL^-'Nl ^jJ2-*j 

*X>-\j <3^ Jij ^M-^l^Vlj ool^lojl La iLlia-<Jl ^j| ^1 j-pVb 

cljlj JO ol dijj-j ol I i J-a oLSLJ 4 X>-\ J ^j]\ 

.^waLjL^JI J5LjJLj IjIj L« *>L*i 

^-vv^L>“l L>^jLsAp V J Oj£j ,/j-OP ^Q j>s^a ol 0^1 ^ii^-^^Ljl jJj>oj 

4 oLo^>o 4 L^»^Aj OjL^-Oo>_L! JJO-' A ^> - la JLOa 4_iL) ^-Ia.j ^uLLo>w3 
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er® <>* (J^-l 

O Lfrj i ^Jj P J ^mAmJ ^ 4 ^ l ^ O l ^ 3 ^ l 'L ^ «i -wO— ^ l 

JiA^rJ Jil (_£ JJ-P ( j^*Jj . 4_^p LoJ->- N I ^U^Ij 4j 3 jiJl SjJAlSI o— o^J 
<jj)*yi ^l^ji ^3 j jj_s^»«_4 4i_o3Lp /jj* y 1 ^j_p 

d)l iSjJ j-JsS\ ^*~sJ_j 4 iHj L^JwJ U Lp- 1 LpLp y-*P y^ 

J) . 4P ^0->t-<>JJ 4_P ^\ Jj^l jJJ iAp~1 yi\ 4 ^yJjj[lsLLA Ij^^J 

^3 j) 4 £_3aJL> l^_LP 4_P ^oo>c-.<>J 1 3l ^3*^! I £-L<iJLjl 3^3 j>- 

oL> j j_u Lo LljJ <l)li 4 iiLiiJlj 4 0j^>c_llj 4 4^_Ulj 4 

^._ ^._ > L y?— 1 1 JU5 ^ ^ ) l)1 Ll) w-j-^-S' 4*^1^ . aJLj L ki.* ^ ^ jL^Lw->-1 

4^Lwow^1 ^-^->1 J-j 1>L3 ^ 4^3 ^_LwvAl L> L>cJLww 1 4-P- L<*_>- j> 

( /j_o J-jLo-lil 1 -Lo 4lww>- ( /j_5sJj .L^_>l3 y jJaJlo o«A ^-I l^JI l) ^->JL*-j^ 
^-Lp ^J-p Lxi—a Lo.lJ 4 L^-y^ 1. -i^? i>- l^o o L p 

^jPjZJLi 1lL*J> 0 ^£jJl J-A ^SLaJI J^-sP <-)l (J^ 3 ^ C-r’ij 

£-1 _v2_p1 -Llp L^j3 ^a La**j>- 1 j c^L^JjoisJl ^ 3~d 1 (1)1 

. L3 Lp ^o->t_3l 


[ 194 ] 


3 (1)1 (Jjjl 4 .LpIjJjJIj 4_^^P jjJl dJjLo^l ^Jl oVl o3j_*JljJ 

o| .lA-A J_A 4 Aj J -^-00 4_Aj J_ laj jJj 4 4j>- jLsI (1)1 (J jL>-l C~JfS 
cJlSl t-\ y^*i 4 AP ytiJ>f^a f-l^ipl ^-1^0 L^-llg-^ 1 1 4 j ^_A ^J> cJl Co L lAiJ 1 

^3 ^joa 4_^P ji A_P j_^_>toJ ^>1 1^13 iiLAjJl 4_P j-oO>to3 

^«A 4 L^_>l3 (Jol ^-L woJL) i) y^S^-\ yj 3jJ-P L^_)l3 ^-Lwo'yi 1 ^ jj (1)1 4 L^-l^>-l3 
^3 jt_£3*>33 ^-.Lx-J (1)1 ^-43lj-<J! ^j-^ 3 4 _LojI ^-Lp jt-^-P^^yU^L 

. 4— .>23 1 ^-<3l ^->"1 ^pl ^1 La^ (1)1 1 

p ^ 

4_3L^joa ^ws^>L>- V L-3j j-p I < — <31 joJl fij_A l) j_S1j jJj 

4-LwP 4j L^.-sJ 1 ^3 4 3^*Aj ^ 1 4 ^ ^ l-j ^ 1 f |Jo) — p A t-L-U 

/j3l<0 Lo3 .C^Sfl ^1 ^P 4 jlIl>x-^ L^-*L> oJJ3S" l g i yg y> L^JuJJ 
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^JJLa L *-L v2_pV Lv^_^ j-P (1) Li <— 4-$l ^_ oJ I aJ_A 

olp p-L^lpN jJlJ Ll J^SLaoj .<_£ ^=>L ( j-* A_£j>- ^j_4 

L— jjil ^_4 ^j_P ^1 C jj_jJl <—£L & ^-<»Ji 4JjLa| AjLl^o Ly?l ^ilS"l 

LLLb^ j tf = ma ajj^ ^J l <L**vg. 11 ^j-a ajLo*jJ LgJ'y a^jLJLlo 

** 

^%—Lp ^j»ol Cl^L^wws ^ jj *)LLo l,^.* L p ^-LaJo ^1 c_ cLLL> ^j-P 

. oL jvgJl 

^ *• * * 

<w — >*j .L-L>0 Owbxj J^-jlJl i -Lft, IjuL> jl Aja^JJ 

w JlpI j_s j_a jjJl aJJloI 4j L^jlS"! La LJ <J j-2_> LI LlJ_p 

VuLjjj LLl t (J j -JlU j-*~& l_-A-v^ ^-J l dLta Lj ^ L^-jjL^.A-la.} ^_Lp 

p t ^ l< 

(jjbL 01 J_> 'y (J-^ jj-* LaL_4_>-I J (jl (— Asl j_oJ L^-itbLa Lis J^c 

. LoL^OwL" j LoL J-^5 ^ol Liff ^ ^-_*/2 -P jl_£b>- Aj>LL*_a 4j>t-Jo 

L/ <jLLi! 1 lilj^l Lb l lLU3 L I LJL- a_1U IJ-^jj 

& & p 

Aib (_£j! dLb *Lo^_b LL2 j2j>- ^J-La LaLo-> LLlgJwa L LI -L> 
LJ s j.Ia . . .. „ n 4_J_^_P 4 Liljl L)_j-5o O' jjSLo-i LitjiNl (ji 4 j 

t ojj .,<? * > b_s Lb I 4_>s_oJi o j-^L t bU j-S” j-a^l LLS" bjj . 1 g. . Lp 

J-p!j-S ^ - ^.1 At ) 4_j jbL) JS%J ^ J -s3,;l J 

2>js>-j o jSi . s ^j-o-Lbb o L>c_l !a../? oJ I oUbj 4bP ^»ji5L!! L|j ._^jL*_«j 
L^<gp b3 JLJ1 ( _ j 1p Li) g c i ^ 

l jj> ji»-l <Lflj jJ2j jLli>- y\ lbj^>-l jl tjLw*-o ^■w.JaJ LL-jI j I awLc-li 
LjlSL<^) j ^ L is L»j^bpl f-LoNl o-i-^b . LjjjJl 

.I^j ^LiSi 


< 2^ol L^ 1 L-^LS” Aia^jJl oJ_a j-S'jJ lit>U*J rfj>~lj>- ( /j_SL ^1 (13) 

ajUl<»-i ®o ^ jl-iil LI^jI» ojL^- ^4 1 aJI>- 1 ijJJj ^43 .j^ioJl Ll_o? ^Jl j-o 

c Ji>-1 c- .0 _^UJL 4_« jSs^- 4i -J_<*-p l ■■■•o. Jsz^a -LpI j_iJl ^a_o c ^i_Li! 

. *jl ^ «.<j 1 jbsl ^*4? ^ aJjUT ^j-jl ^ 4jiU^- 
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Lg-j f (1)1 jJJL N pL-Jj 1 cll-L) <j| 4 433 jj5l Gj 4 (J jl 
dlh J-*-> ^^>Ji 51^3^1 J.-3 ^1 4 LwJ>5 Ll> 3J ^j5o ^ 1° 


jv-J .<. Jl*Jl ^3 4_L*_4_> Lo j_As 4 j ^_)L^o ^j_P <J^->c_*-> 

^ ft 

( j-*J "IAjwL jL5tj L^j 4 j_5o2j 4-si^P ^3 ^1 4 ^3 5 > ^J>c3j 

,4jl^ ^^vj>c_!l ill j3*bl 1 iJL>- ^3 4 »L*-Aj ^ (_£5Jl J-&J 4 J-j|*A_Jl 

f ^ P !< 

l_~*_LH (31 jj I Lolj Lo_i iLi -^“J-d i ^>Li_o-S 

> 

=* ^ ft 

[195] 1Jj_>t^ 3 j ^|i>-JJ Lol ^ J^-> i — j j_>- UjIj^wXj Lo_jj^ 

.(J^LoJi ^3 Obl5 L^_)l Ini? 03j ^3 4JL>J-^Jl Jg.A ^ j ^3 £_LJl 
I j-*-J I LjJ l)b/ 4 La5 4.2/»aa.wJ cillj ® 4fil>t3 ^J^2j CiIXjIj J3 Lo-J ^*555 1 J 
1)1 £-SaS^«j b/j 4_uU o yi ol jj l)j5«-<Jl U ji>-Jj j . ft 

ft' ft ^ ft 

- la 2 ~ .L> *LJI ~Xj>- i i J>j 3 j ^ jj J-3 (, j\ .Lol L&lJ bU 

^Sldj jt-J ?OjjJ j»l A^>c_) JuA Jf-L^wJo ,4jj>s- s i> *5jJ ^li 4 _aL*Js> 

jj^b iji* J~iS. Ji-^1 (_Au ^JL^d l^jj ^ ^j 

is ^_*_a wL > jj Jd> c ( j-wsj*3J5 | f-Lj-Lp Ld j^LS -Jr 4 dr* 1-*^J (_s^l 


(JldLoJl J— .-«» ^.Lft 1 ^**-31 JJL») iaL*Jl ^sjL^s^>cJ\ ^jO-kj 

La-i jSL (U (. iJU a yi j .il j-g-vJ L^XS yvs (_jLft jjdii — 'b iljLft 

b tf 

^j-o iJ ^1*1^ j-A LXjp 4 i^ 5 151 j5 L5 

. 4_v^ 1 aIj L^J 1 ^ L,<aP 1 


JL&\ J_S j ^-J L*wO Jj-P Lg-^3j oLJwO_*Jl dJjt J5 

4 l ^ <-l~P 15 -A3 US' ^ 5 s ” I J J l^C_J lo 1 < ig 1 • ^ 

4 uliJ^ Ia5o-P 4-uL 3 Ool5 Lai^o^ . LwJl jLs3> Lo 

4 4j L^J I ^3 4-^^P C-> LwL>-P 1) 1)1 wLi N 1^-3 <ll>“ 1 jJ 1 dJ L5<>_*J 1 1) I3 

^51>e_) ^iJi L^-wugj ^loL-^w 5U1 <LoL>j_uL) I /^l 4_^ j55>^ ^JL5L>j 

aJL 5>“ ^^53 J *(5j-^ Jy 3 5 j jJ 3 1 )\ju &- j 4^J>- dr* (.5*^^' 

j 3 j-> j5 ^3 i^ j i^ ir°^ ^UkJi oi 
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J jii ^** 0 *Jl Ujl^>- ol 

La 0 } .Loj-U oLiii>- JlLo L<i^_x>3 ^\ y> jl t j ^ jc]\ 
J_J^>tj aJjL>«-o j_& |jj& 4 -s^jLp! <z^S 

cJjjIj 4_J_oP 4 j1 ^1_P ( 4-1-3 ^vwJj dJjL^O JjwO <U^L>c-<Jl) 

-L*j ^*j2j 1<^P 4-pl jj jjS' 4j! ^Jp 

jjfc L^Jp 4i>ci--vw0 ^^cJl oJj>-j La (jl 

cJ^-^O (^—Ll < < /? *-i 1 ^ l ^.2>cJ I ^ ,3 — ^— wvi^x— A L<Ll 6^-s^sJl (jl 

U-wa *o>*Jl ljL^_>- jjj olSlj^ ^J| cijL^JjwJl 

<u^ii>c_o cjLpj_<>j>t-4 c-L^2_pi oi Jj-iiij .*uji i^-jS 4 J <jl j-Uj 

L^Ljw<jJ L> (j^^->-i^j L>jjp 4»(LLi>t^s ^wcwj>Jl <j oi ^SL^-j 

^1 ^j-« 4_^wwJ>cJl p-^jlS'lj.M (jl (J _^-2Jl l-Lll ^J ^.y flJLi ^ l ^ A«A 4 ) 

J^odl £^JaOj N oJl? I.l1 itJLjl as- LoJ>- jOii 'bl 1 0 jZS oltu 1 _ J i. S 

^Lo-lfr /j_a 4_P jo»u>t_a ^j_Jl ^JLu dU-L? . oU^oS-LJlj oulu-Lil 


0)L«— ^.u*- Ofijl**^" s- ej^»-lc' Out? Ij>1 pU-US Ajj j^>\ e-Ljodl [196] 

LgO ^jJL Li jli c 1 J0>- 4lJi3 EJluU! (3 j-isJl j'b/ j .0)1 j jlStJNl j UJl 
^JuU>- ^j-Q (jLo'yi JO*) l« ^A l^J AS* (Jlo-Ool 0>ljlo»l -1-*J 
( j~°j fji L^>-UoJ o-_JLxjl LgJMi t JJ’Lowc ju>e _ 1 -Jr=r ur-'! 

^L^wJaJl ^ Oj-w>eJl ^j_P j%«-L$S-1j (ji 'jwwLp (jli C ^->B-JjLj 

• L*-**^" I ^ I U I 

^j_^J i a^>c^j>t *,/?, )l j-*p <u<>J»5LJl ^ c l^_LS' o j-5Lj 

^jJl^ 4_w_ v ^_«Jl L<>3 . L^i I ^>cJL^> 'V LjL^»| ^iLx^ 

<dLiol ^y2J>~ Ji! ! ^o'L/ I ^^ajL/g^eil 4 J ^wwwjL>“I ^Jl «J^L^L«<>Jl (Jj->CJ 

a*\JlS jjS I 4jj ^^j>cJl1Lj w\Jj t 4-OjjJl 4 1? 

0 1 £, 

^_As i t 4P ^]| 4XwJl ^3 
^UaJ j»J_P oNU- c—jlJoS'l <J*!>1?- Jjwo j 2-u jjJI ^3 ajljj (J*)A_j’“ 


318 



cLLLj . A.JL^. J 1 

.(^ ji^l oJj>-tj A-s^l>- jl^AJLiJ <► v u ji- ^1 AlSG . ^cJ. la.^,^,1 1 

jl SS*\ ji Ll> jJ C^ww-Jj t ‘—3 j-^-J L« A^&L**_j j-JjLyJ jLs^ji LJ 

^jA J^P-lj-flJl <jj^ .A3 j-*-oJ! c Jw-A> ^j_P- L^-j j ^wwjClU C^L<>-w<a**J 

^JalwJ Vj JlvaJ^I dUi 

JL>- ^^3 J .<LpLw?Jl aJLs 33 Aj jJi-» /^5 jM ol j-JjpJl djJj (jl 

Lo aJ-v^I ^J l j^> jJaJl ,j->-l3 S3^->* jpd I A3j-*-<iJl (j[j C Aj jJadl aJjb c— ->L_P 

. AJ^-o-y? A3 J-ii> AJwdl ^j-° 


jl ,/y> <_r^j >* ^ JJ U jl ^.J 

<t 

^J“P ^-$3 * ® J j > - V^ J 3 y^aJLA ^-^3 C aJwwV^ LflJ J& L>c (j^^j 

(jjj t jJjfclJl L^_pLsA^| ( ^>c-J AjJ jJl (J jJ>- A^/5> ^3 jJi jM 

, ^-ajLwoJI ^/a^xjJ-U L^-pLs<i>-l ^L<>-Z>c-<>Jl j-*p jLS^ 

aJ jl5 LoJIjLa 4 jjL>s*» k 4jUij aJ Aj j ^J! ( j^- llA (jjk 

jl LgJljLw— « (_^ j-i L^$kJ i oU j ^ j_> • >— >Lx5vJ! 

N j-* 0 dlij^ .k_jL>t_«J! 0 j->«->- ^ ( y» oLpULs 

pc- 

j\ jjLwa'yi jlfj>- <j_^j| t _£ jj L«->j_j t li^Us| a~jLj oljLJl ^ 

AsA>UxJJ t AAjL»J| ol>;.ii. l l?l| CJ J-A2J t (jiJj jjltfliil 

oL^lXJl iijjj LJI ^J Ui - C 6^ 5^ j ^ l ^-4 «ajLxJ| ^jb^LjiJl ^3 
c olijjjL^d j/lj i A-jjLj_^-5dl oIjLjlII <. aj j ILlI I 

a_LLo V I ^<2_>t3 /^s <«iiJ 3 j I Lo I jJ L^5 j c d 1^ 

AjjjJl C3-j-3->c_ll dl^-^-^l L!a->Jl aJI jJ Lo-S”^ c A-^j>u_k_v^ I 

j-ll A>wk-^-vwj I ^ j/ l-^d 1 OwLjk ^ ^ 3 j-^wkjldl^ ^< 0 L^-^j I ^-i-i -* I—* 

[197] a J u5j ^J»Ld LjlS' L^jL^I Ud3 0 j_A (ij^ 4 d^li L^ a> (_5^i ^^tLJ (_ j^° 

A>^1^,.xkJ P-Udj y\a, 1 1 ^3 .jv_p|j»^dl 

.aI3^>- p\ (jj^j 
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aJ o*>LpI a-JI I j_^L>Jl jrJ o| 

0 j£>\ j JLoJi 4_>t-^Ulj! -^J L diJ^ (_5 

J^P Lv^ J-^J • LLA A^JLlil l_ 9 »L>cj ^UJl jIAJLo^ 

jl pLa Ol Aj jj (jj . jLsP2-L>-IjJ C ^ y?>&J t dJJ^ 

N uLJN ^^>Jl ^ aJ j\ o jJ>- ^ ^^JLP ^LJL* ^5^ o 

c* ^ ^ 

4_JJaXj LgJli IJJ .yo'bll aJ^j>-lj i— >L>c— Jl ol j>^>~ (j> b-P 4_3j-*-> 

w ^ »> =■» y 

J — 3 (4— ?-jli>~ <U 3 _ r *- a A.la.i.A^ ( Ji>-Jj j!) I J 4 L>cJj 4 1 

■'^kj&\ ol jldl j olij^xSsJ'yL ^/g.. >o ^5lij j_jJl J jJI obSbal 

Lg-J a j_J>- j jja-! j oljiVl aJjk ^j-P jj«J ^jjl J^- ji\ <—43 J^o 6! 
olijji liUjtsj lilvX?- — a.lt>r-a i 43 y> jjs t>0jj£S\ <L>t — ^> jxil ^Ila^L 

jiab laJJ^P j_4> J .l^wO aJua!) ^^iJl CjL^JwJl! «LX>oJIjc 9 iii bLULo 

0^3 4 3 jL ^C, j— i j ^ 3 C- 3 J j_j 3 <L— Al) ^3 J^-L/aJI jUJl Jj 

Jj jJaj i-ij <CJ>\Jj 4 (_^iL*JI J>- jJl ^-IS” Oj£j (jl 4— <1 — >-\ 

J 4 f-la ol jia3 i_£^J *y ( J __p-c.ll 4 Laj) 4jli 1 jL>>— < a J>^~ 

4 ^* oljL— «J! — Ujj .I-iSCaj 4 LiJl objjp~j 4oUjj^S\Jj oijL — . a 

^J_P <ol L^l ^_Jp L&J— 4 j j-dl*-a 4 4 J— >b-<>— a 1 3 j 


v— ijjdJl 0 } . ® jJsd o^Lp!^ AlLflil t\ jS aJLJI Sj->-^ il J-sjjj wbi (14) 

— X— -1 ^ <o*iAjLp f-L»/api j^LJ. 1 
( JwabU <JtU0 lilLfc OlS tJLti! •{_£ wa_*J! 4 La^-JT .iljj 

«Swan» £j-> ^j-a jjl «Gesse» La ajLJLi jij jj^JaJl iij->it_La 

^J«p (JLAj Ljil^ 0 jJLoJ! O-Lfcj . J-a-oi-lJ ^j£>\J>- jL_*_a (^1 4 JjJL>- 4 o J-a j-La /^3* c_L3 

jLbbii ,J-La ^>-1 A*5L^S 4 j jJfiJ > ^1 . 4_liL>- "^LiJJ CLjLXj15\J1 

V_ i j_*JlU 4 ^JL>- jl ^j_a ^ JcL. 4 ^Ull j-J-3 ^-LP jj-Lp 4 ^jLj-^-^J| 

4oij jjcJ <LiL5vJlj 4 j J j t j-a AP J-O-P ^ _p"J ajp ojl jLbJl 

aJL»- . jjJ-jl aLloI^j Aj^iauJl L^-jJ^Jsul ^a dJJ^ { j5L*_> AjIs 4 jjsD 

AjjiJl oJJalj jjJuP j 4 i— i *V c!->Lj153I OwL* ijU 4 Jplj^Jl oSa- jiLa ^JS* 
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( j_P A_ii y aLLL ^j-Ss J y a L^J A_L>lJLaJ! 

.aLoJl <ol ^25 L&*X>&aj ^_y jlaJt 

^JJi jL^?- (_gJJt j*JL*Jt j_?-LJ j\ 

JJLa 4 _^uL**a>-I <1)j_^j 0 1 I -o-S .jLfJ>Jl o aJ-)P O ■ a A yj 

[198] | J$ <j| ^i[_*J| ,J_>- jJJ LI A-*a>L>«_>j t(_giL*Jl J-?- jJl ^uL— p-\ 

& P ^ P 

(^^Jl ^^L 4 Ultj) jJbJI (_£ j->-l Lptjjl 

j^p a_3^xj y^j ^ L^lL ojlujl jl^>Jl -L 

«W~aJ jLx-a AlSai a A-Jl^ A >«.w.'J L jLxaa y& 0 ^iNl .A~li-[jl)l Lfrt,. '. i 

^aLjLaJl ( 1)1 *b/l A^lp a J~ k ~ J3 -t < _j^''-lj --^LL Li j^SCJI 

^jA <_pl*Jl Jl>- ^J l Aa-wJJL Lai .jL^P-cJ! A*Jp I jAi <jl A_a->sj 

• AjL "Vl (_J*y ljLx_a *y a j-a <l)Ls a <_£ jP-l A_£J>- 

Ui-IJlJl ibuVl LPj-a^a oi ^<» aJ jj 'y a ^ siij 

l oL^ : JgbJ»-<Jlj caL j l la- J l t-i jUJ jij a Lg_l5" 

oLS^I at t^w»a>xJl CU^>- lj_j j^wwJlJt <1)1 -l-X^Aj 

OLJUjJIj . KAjJjII A^lSai ^ J>ci\ (jLkA^'yt jt (JLaJtlwa'yt 

(■ a i a A-] U5V ^a*wjaLJ . 1 . J I y — i- t a£* j^i La^a a t ' ^wAj l Is . , a L*a*L 

» ^jrf>j2j L^*3 1 a . *^< ‘ ) . I \ y Aj ■"’'ail 1 Ax^aJs ^ ^- .(-P a J ‘ ‘^ a _} y " 1 ^ * 

iAjjlall jliv»l ilia V I — 5 

f. A p U' 

jj-a ^ j-^“t A^a-lJ ^-^-V= l j-J LojL^*>t ^r®J-d J-JL? J-^3 J-^3 La <jt 
1 ^j>LLjj AjjILoJI aJ 15L>! ^Jap a j5o J ja- ^yUi^-l^La '. ^Ay aa— ’LSLlt 
aZAL^JfljLt (1^ J jb—>tJ[ A_iL**^a (J y A>- <1) ^J^L>aJLj J-.JJI aLawl—xJt JJwP 

*• ( 15 ) 

< 1)1 *>Hi ^ 1 p ay^b ^ilxJl £^Lv 2 jt 5 t <sIa-LjL J-Lls . A-ilxJLaJl 


Kuhn, ‘. y* ^al — !l j ^aaoLLI 
«Reflection on my Critics». 


y ^ ^1 -LUJl (15) 
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* ial \jji jl ^ o'yaUfM-l! ouLft JjU ^a ^ya ^Jai! 

. jjA^AS* LgJ I UJo _ f} 1 ci j 1 Aa LJ c<j i 1 a$\y ^j. 1 4 -ftic>^ 4 -w*j^>ciJ! 

c-isl j-^Jl oJ_fts JjLo Lfj (1) j-JLsLo oL>JJaw2^-!l Jl Lo->j 

I jJajj jJ I jjjSij *-b ^-3 l Lg-oJa *-* ^ 1 ^ o ) dJ L>cJ . I a ^ /? - o . 1 1 

L<*-^_Lo ^Jl ^c-w 2 -> l) 1 j} t ll 2 _>j 4 _^wJaJL lIj b>sJ.jg.«, J 1 oJ-£ 

jr^-d ^ (_£ (-5 „^ J * J *-^ “t>cdlJ! <3 . JaJia Lj^>- 

ijl t_a ji> ( J5 (_j^ * — p?*j aJI o-Iih t till a ^ • J~'-?*ji ^ aJLjI 

.4_vJl a j- l aJ l <Jj_>t_i jt ^Lca^l 4_k_^l j_> (JjL>c_i 

^j_a f-lja*-')/! oJlA ^ JjLjl A .ss a\\ Jjjlj Ijf-L^il j»-* 4jL^u*)LiaJ! 

jLyajt ji • ( _ 5 ^-j L«j JaxpI ^j>\ 'jljla ^_^i^ aJA * cS Ui5j . ^sks>- 

Lo—a ^J_^aljCJt ^j-P jjJ_?-L P L^cJjbLa oLSC«NL jj-~J oL j i a.l . l l [199] 
^ *■ ^jSCoj ^ 4jI ^A AamdlSl^J t 

* p p 

i jJJa 'iJjj tAjij c oLijJa.1. ll l y^j jUdi-Vl <UL>«~o J j-s- 

p p ^ 

^L-,1 ^ ^^a i — jLw^uI ^Jl laLuc^t 4jjJacJl jLcc>-1 

. * p 

^jjl jl ^jjJl jjA (J'jj— «* <Ji jA ^ j-aJI liljaVl <3l_j ciolij 

AiJaUJl oULiJNl sJla L^Ip d~Cj ol ^iaJl o\j .LUa Jj>o 

(_g y>-\ *\y>-\ t5^ O^ 1 i;3*!^-AP-*>Utj oLaL^j'^l jjA aJjJ^woJI 


JaiJ! OjIS” JJl! .(j^A j-JI <J jj>- ^jUajs-*!^ Njl jialll 
^a i-LjJa oJ_«J SijJLo cJl5 ^aj t A.k. : ,.-«.i Lgjw>i ji jjj>-i cc>c5 
1^1*^? 3/ 4j j la .J i jLca-I aJ L*a^ cl^^* Ca'y al^-^Jla .^_L«Jl AA^ja 

P ^ 

^jAJ ,^-s^jj-Ji ^A-laJC^jl jLA^_Ji o ^a 

tLCijIj IJl* 9 «Jj Lj- L>J„4...‘a...»l j _ s aJl JI*p'i!I ^JaJi (16) 

Criticism and the Growth of : ^ 5jj_iaJ.I (Stephen Toulmin) ^..i.-a. i-iL 5 - 4 

Knowledge. 
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Jj f, 

! *Xs*\ jjj cj Lo jJL^J I <j ^.v^LjjJl j\ ^JLl2jw<Jl jU&j-Ji 
adl jis! jU 4 ^-aL^-il tJ J->- adjli- ^J-y3.>- La li|j .AjIJlJ! jj-a 8^J_>t-a 
t a j\aj>- o ^laj- jiai- Ijjo»-!^j jl ^,.fr...$LaJ *^J>LJl Jwb>rJi 

4*J-a-*Ji dLL 4 jI_£j ^3 ^ .^jL-*JI JaJ»>sjdl ^jl ,iLj4*a jlL l^-La aJ»>-l_9 

oJ^-li i ill?- j Ul>- i__3 ^Xil d£ 4 jL ^_LvJ jl j>"j? jl '>-* da 

1 4_L*_3 j-1 1 >■ - ^ L I — ^^vwj ^JL J 1 L— Ll^ (J wLaj^ - I ^ l^p - 3 

Q. & >-* 

i^LJL-lSI L«l .L«j-J— « oLa ^_> a/? ) j c j->-i *- ^_>cJ 

(jlj 4<OJL>t^Jl J-^lj-ill J^JaJ J cJ j->- 0 L<l1j^> 6^3 L^JI jlijJaJl 

<> << ^ 

Jaii aJL>JI aJiA ^yii 4 jLa^JJ -Li IS - LaLal jl JjLJI U-^iliJ! 

.4-»a-L*JI ^3 dL*a jLi j ^SL ^Jl o j y*& 1 1 ^3 (J«L>cJl 

A-a J,.tf .-a. 1 ? ^'LJijll ^-Aj 4 oLa JJLaJl (J (J~L>tj! dJJ.i jj^Laj 

. jL®> jjl iJlSLajf 


* ^ 

^JlC- ^ a -/8~ -i 4i jJLaJl 44»- j >j!l sJl^j JjJjCa La_a jl 

Ca ~J i — iL^ajll dLLa jl J I 4£-llI3jl! J 4_g_»j>-j » — a L_— a I 

i_J j*al jl o.„jr'i jl Lad -4-P ^a_>aaJl 4*_»*jJL) da~aL>- iaL^jJl ^3 

waJjJI J^ia ; j»_LaJ| <uLa*}li l.^.J +*,* ^xJl dJLLa ^j£- 4jLLi?r_a jLjj-jll 
JjLa jl j_A 4^-1 jZs\ >w»a>=-a La j J_SLS .4 _iLS L«J 4 <W>-Lj jllj 4 ^JaLaJlj 
4 (3 ^ l — oJ-A 

4 jllaJl 'L^-alj^-l C _ 5 J- P IjaSaiJl JL>-j ( J^3 ^ 4 L^-LaJa-J 

LLLas^j j»J jl 4 La-^-vXa j-lajJ I 4_a>-LLj|l (J_j3>- jjLs^-j i LLls-l lil 

^Lp 4 «Uj>-LL jU 4^ > ^ J| 4^a_&jll (_^Lp Llix^*-! La^jSLl 4dU^ 

[200] jl 4jlj La-^j_a (^1 ( _J-Lf ; a-SL>aJ jLs 4 jLja>-l (J j-a 3 J-il t5-da 

■L!Ll& j^j-3 .Lwa—Lf- 4 jLi La-^-a (_gl l _g^' La-S^ .Lia4>- 

iijis jlj 4 4j^iil!l jLldl ^3 J^l*j (_^SLI -bl>oa ^a-Xjjlpjj i >L*v4>- 

jl 4 4j> s- ^a>t-a^ 4 _Lj 0^.4. -]g La l^| 4 LgJ Aj jl jl ^- aJI ^L>tJ jl 4»^aLia-f 
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wL>cX^ j 4^1^-oJl .AjL jl ^JLli ^3l 4P ^-^J>t-x>Jl ^ jb ^jS 3 ^A J 

• J -4Jwfl L&J|Lv2-pl 4(jUL<lJl ji ^JLll ^Jwv^b ^£jJl ^j-~wyg l-/?..l>- ^ 1 

c — LoS\J! 4 j ^- L - O L^ 4 ^-L*Jl j^JaJo LL*J ^-^j 3-J f- ^xjJl ^lx>tj 'b/^ 


jL^- i^\. 1 OL ^ yAj 4 /■ * ,/?.’>r— ^vJ I ^ ^LvIoJl ***-]! L<2 j /^P 

^1 p >c_> L« ol .o 4_o.iL>- £^_v 2 ^xLl ciiJJJ ol 

^L-P ULo L^o ^-Ol I 40L> J~® ^ I 4 <J L>- ( ^J«-S" ^-Lp ^ 4 £ 0 1 * j-oJ I 


^0-Lw<Jl 4_sJ?L>cJ I l _■* 1 ^-w*cj I 4_ ya L>J I 4^^ 1 1 {_y ^ 

f-Lv2-.pl p— L-*-^ ol ^jJLoJJ LJJ^j j-A^L^L’yi /^s J->rOLoJ 

0 _^-^ J I ^J^ 4 <LP ^_<^>c_^ 4 L) L^_L I 4 O^ Oj>x_> v3 4_P I 

, l_> -aP /v 4 JtS" I 4-o-w^ U- 


0 *>L>- jJ li . ^_o-p I aJJxOOs jJL> L^oSbl 4 ^Lw3 ^ I 4 -L_x>_p i, u^ LJwL 

-*->- US'! j^i aOL 4«jj-s oLS'jJu oIjJJI 

j Lo-^j1 Ju *)1 4 4 JOL 3 LO 0 ^3 L^JL 0 b j_ixaJl oLf 

4J ^p i 03 looS* Lj J *)b>- ^x 3 o L^_.lSLj l-o. ^ ^ . UL^ L 1 wL> 0 U-aj 1 00 LL-^i I 


dU.i £_« j 4 LjUoO>c-0 


^s Oo-\j>JL ^>LaL ol ^jSL > j 1 -L$v 3 .U^ojUJ ol^M ^ J&-* 

>1 j_>Jl oj U^SL ol ^j- 4 JJSb/lj 4 U^ ^~ ' 

c/h * 4o ^_*-v 2 -. l I 4^ /i ^1 L I 1 IwXjO^x-} ^ ^.*, ^? . a. ) ^ I 

. Lo^>- ^j-^^l 4 4_JLjl oi>-Lta*-*> 4_^l ^>Ll ol 


4_)jL 4 bll ^jJ* 4^wwJL$LJl OjJlIII ^^^-Lp 4^^L*Jl ^t-J-*-ll 4 .^>»jLw3 
OjLp^^v^c- 4 ^-9 L^Jli»-^|j 4 — fl3l^-o-Jl^ f-LsO»b/l 
^j_p ^1 j-^cJI Oj-^ ^j- 4 Oj-SLj jl 4 Lolo_j 4v 



3ajS j-<Jl L _5^ , “l jJl iS'^ s> 'i obi 4 loJ ^?LLj a^oJL 4jLiv3^ 4(JI^-wLl 
LaL^x>->- f-LvONli . j^jC^ 4jLLJI Ojli^bp jl ojjj 

Lo 4 jLL>c- 4 vOlp j-*A>z-A ^-^>z Ji 4 1-^ **.‘.G. ) 4_P j^oJ>r-xiJl 

4 7t_J 4 ^.xkjsJ b 4 ^»*w ^ - * aL L ^3s_iLwLs . ^ ^ ■■.«. ^ L*-J L 4 1-0 a_j 
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4 y*\ J 4 j -> Jl Js5 4 6 y> j_> jS \j 

ciLjL™Jlj 4^>LaVl ^ j\ 4 oU _*_) J j-wLJLp J^-9 4_*4-Slj-$Ul aS jS >- J 
j» la ^ L)tS” Uj .OwL *_jj (1) C^J J wL)J->Ji <ol 

,*-) AS' yo->z^ C-^ y-X-) '^-’Lp ^-<>->^<>_ll ^L-JoVl 

(jl^ 4 dU-i 5^**^ LS^"* ^Lwl 4 y/2-X*S\ 

<Sw j*-ojL>- jJ* 5 yA *J^T J- 4, ^ y* <JL<&I 

[201] c*>L5" ^<JS <p ^ vo JJL oU .Lgj-o ^Jj^Ijj^JI 

* ^ M f. 

JjJ-JtXj 2 JjJ^>- Li jJsj f- j-X>j ^9 L^Jk^j>- lj_j,5 (_£.l! j-v^Ll*-)! ^o_>s_a 

4 jL^±i>-Lj .^L^_*SvJ!j ,^LjkJl jsU'o'yij t 4 (_jl^xg-*y L 

( Ji^o l!jJl>cj LaXj«i UJ .f-L^SJi ^*J-p Jk o-Up oij-JcJl iiJJu <JU 
jl Jl sU-Lia ^j-o J]Ua (j-J t oIajjjU! oJ> 

^*p OLo^o-KJJ 4_jLygjL ‘Lmjjj yj^jj ob>t3 I ig ■ ■■■ i ldg»tj 

*» 

oXaj .L>LL ^j^bUc^o (_JjL*JI La-^jUaj- ^ LLs JIJJJ! L «-*j 4 LL~ju 
4 ^aJLxJl Lo_g_iUai>- jjJaLwa Jk ^ L^-i j^jt^xJl X/ oL^a-^JI 

J-oJX*-i ^xJl ! ' Jg -P LLxSo ^oPxXX-*.^ ^^JXX---*j L.X.XJ j 

s^ *• f. t 

. L^S" ULoXpl *XoX*j to ^XSJ l ^ - iP 4j^jkJl ^UXi>“l 


^9 4XX«J”t — ygl l^-ll jj-O j*-P __yJL 4 4XXj“>lSLjLoJl oJ-A JjLo Jj 

*y J 4 ij jj*J 4^*XSv-Xw« ^ 4^— U 4 ^oVl (Jjl Cg'JLuaj'JI 

oUJKJI oSlj ,4j>t^p^jjJ| eg L>cJ..]g...,<g-»JJ iwjjjjL*-> _j-; J^Jp - 

w) ^ - U J I Lo^y>“ L^Uj wJi 

^l.k2.;i y ( j-wsA>^xJI JU 4kg>^-X>j^Jl ilLoVl ^jAs- 

jl) # j^0-\,.e-'i> 4_«_L 5 Ljl» ’.^jJi . j Jl Lo. ^ « kj N <J l -><?.. I 

^Ix-JL oiA>vo (J ^kj (85jj»U! jl 4d(_kjJ' )) jl 4 i( -k„i ?-» 

Jk L^J_o_*^vj Aj^LvP- 4_*J ^]\ UJu (Jl jjjLoJ V Lo-^jl <_jl . ‘L^S'l 

!^>- jl Lo^Xj jk_> LpL - k |_j-^lj 4 l,^,.,.,^jj AijiaJL Lo-^x» 
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4_i jbtp-'lii I Ljj>- jj. . j— Oj L. i J ' 4_wo_jj>txJl ^jLxJI LpLwj.S 

.l^_5 ^jid! oL*-U! j^L* 

,_ji ^Uajjj'yi l_L& ( JfLa jl^Jo»tj J^-LLlI (j^^“ jl j-^p 

l.->-.«-3 ol.g LCli .aJ| jL>&L 1^ U-gJ j^Sb jl -c N 

LsLv?t .Ao*e_ajj OjsJub-l bs-g_a ^ . 1 ? xjl |V-*jL^- jUi-Sj .oJ>-l J 

t* ^ 

a-LiU-aL 4 Lj jJij 1 ^— »j!j 0 j5L O I »Aj \ 4, . .,(? xj I ^ ^"^c-a^i ^Xp-cjJ 4 jJJ-i 
jjbjLLi j*^jV oiLb j 4 Calls' jlj 4 4jL~^) Oj-oLJ| ^a AjiiaXa 

L*_g_jL^>- jli l clLi JJ 4 o»c_JU5j .1 OjJjJl ^-yiLaJl J*>L>- La ^jjL-il 

0 15 La-^J N J . aS jZLS*~o La.^.’.txJj 4 ^C-xJ 1 La-^-aJ Ip ^ L ? XP^ 4 4^a 1 

jljJLa i_sLLb5l ^1 p ^jjj^li L^Sb jl c^o>cj c jIjJLJI lLL!^ 

JjjJJa^Jl oLcidl ol jS> .U^i*>^S~l j^-Jg-p 


o ^x-*# 


» Lw0 co 


U_ii aLi_LxJ!j .jCLxJU (_giLxJ! jjL^wCl Ljj^- jl 4 jl 

0. ^ ^ 

^LJ)/ (J ji>l SJlJ L^j jJ_«-xjl»»o La IjiLij 4 La Lao ^^L^o LJ L^o j-x u [ 202 ] 
.J— jsj>*j ^jJ J _pci! 5iJ^ jl ^ ^ 1 . 1 1 ^Lii __j! ij jpu 

jl (jCaJ*yi ^l.la.ja.j 1 jr^ j-'-L-Cl t j-SC_> La j| 4 jl ./? ' s-L j 

Ob ol-L>tl-a ^3 a-Loiplb ^2_x-Ll 1 o g ..5 x . i tijJLxj jl j_A c'jkjulj 
4^Ujb>- jl I LsobLoL j . ^js-qJ>- j^A jlj^aj L/°J 4 AjsXxjx^a CoLxJ 


Willard van : ^hS ja iUaJl oli j^i\ L y-I jJ ^jixi j_Uail (17) 

Orman Quine, Word and Object , Studies in Communication (Cambridge, MA; 
New York: [Technology Press of the Massachusetts Institute of Technology], 
1960), chaps, i and ii, 

i ^dU-U 4 ° ^L-^-'yi t, 4jtj> *ijil jLiL. 0_^Sj jl ^jj \jS ol jJ^ 

AxlJl ^uaO ^djl ^.Ixil <„, a (3-^a ^jp IXvO 
Eugene Nida, «Linguistics and Ethnology in Translation : ^ il I ikiJI oioi 

Problems» in: Dell Elymes, ed., Language in Culture and Society; a Reader in 
Linguistics and Anthropology (New York: [Harper and Row], 1964), pp. 90-97. 
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jlU U 


Lo~n 3 ^i^-ljJl L^_>Lia_>- 

cj! co U>tJ-ia_vi2-<>J l jl IjtddS^j jl 4 AjIo-JI Lo> ^ i . x-o-j 4 4jIJL> 

db 1 ^fS" I ^ 4 wX>d>3 ^J»S" ^j*^’ I (J l-^-‘-* J | 0^5 ^ 1 

fij-k JjL* ^jJjJ N* ^zll oijL*Jl j) .oUU^Jl ( j-o lo oLLsloJl ^ 

^-3^A d>-l^ I ^fligj ajLJO ^a'L-oI ^Lp Lgd^->- jj d^L ^ jwsJI 

l t a-woJ-*J| cjN I ^3 0 J 45 dlj y*-^ 

iS" j dJ L oJl Lo-^_j L w>- d->l3 ^Jl l3j^*_> o' 0 JJ 3 J-*-> 

L_AddSij jl J_>-l^ J-S" » Lw^_> ^^J -p » j)«/? 'I e-LSJN <u3Ly<^l_ 

AXjl^dd-j (J j-So Ad^a 4 J LawU»P a!jJL^ al^J Ol /j-Sic»_> ja 

^_P Aj LiSiJl 4_*_3 L^j L*Jd_*l l^i^ .A^LLd>c_<a aJ 4_^L>Jl 4_j^iJJl 

U^jLS^L^ 4 j^o>- ^1 LlaOrJ 4_>s-dj Aj I ,^Lp jO-<>J( ^*-p j^L***Jl 
Oj J-S^-J U-^-d2J>0 J )-JdJl ^Lp L>e-»-s^2j ol 4 ^jJl JO^T 0 

— s* 

<41*J Lgj>bljj AjjJfij J ^-L*JOaa^ .lwL>- oO_^>- 

4_J_P j jJa'-> ^JL5l j*JL*Jl 4_4-/sj p_L*^-~‘' 4 4 -a-jJj OJjJl 4 4-v2t>tJl 

4_-w>o La jl) j>UiljL jd*Jl ^jjp° ■bbcdj La biJ ij .OJ<_b AjjJiJl jlij 

.<WjJJS 4a^Lc- ol Jiii 0>Jbw wXXP (aIajSj jl 

^Uajjjl ^^j-bjlOOaJj 4 0O*J j-> La lb 4 ^Jl jl Lojj 

a» * 

40>L0m^»- b~>i 4 ^jAjcJI U^.„.^,ju 4jLoJLij 4 I js£j>u jl (jlutf 'j* I 

<J J aJ L*_S abl L f$S <• La-^Oa j Jb" ^iaj 4^>-j lIjLI^J 

4 "^Ajij Silj £-L>oJl ^1 ^Ll>o ^ ^-LiVl -y>-\ ^ J& 

[203 ] LIa^J ob^-J-Jli .(J j s>^> <L*-Oj jl (Jj_?t 2 u jjbl^O oV 4 j>-L>ilj 

*" ^ ^ p. 4 

.1 j>-y* Nj, Ulj^l aS^j^I jv-f^ 3 ^w<0 l0-&j 4 /^d^lklo 

|»_Aj_p>-l j-hj ‘L^-j (1)Lj -tpLol aL-*_a Jj>-I jl (_5o I 

lj>j .Ojii) 4^>-j (J- 5 "*- 0 (J 1 ^ 0 1 ~^d 4 jUwUj 4 J^ail ^jA itvolbsJl 

0 Oi ^ >■* L^i b^ Lr 4 ^9^' jr° 
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oIpIw^j £~j {j* I <1)L 4 4jLp <JL»- i^j *^-^r 

(J^^j ^J oJ^*-l^ 4-w<^J-P ip^-^-^x^ f\^JsS'\ ^J-*3 OlAj^oJI I 

l ^jU-j <31 J_>t^>j J-S" ( 2^-'^- j . *l^ 1 ip^-^adax^AJ A_sL<Ljj 

j i j r i s - v y 1 J_>s_l^Jl V <lL_L^ i-oL« *dJd>i^j ^-iLd i-^l^A-Jl 

?■ ■* 

\ g tf <Clj Lo-Lp 4 ‘‘U^L^xJl 2 -v2-<kJ l ^ tf *^2J 

a-LoJ oJjJ.>cJi jJajJl 4_g_>-^ 0~_4 j La !^j_j . Ifl.*-*. 4 > AJLjiaJL (1) L^^>->c_<iJ I 

4^w>tJi ^jLl> oi ^->- u~^ c ® c-si-Lj cy 

• * 

^ ixJ IaJj>-j gjlxijl oi_A | JiL« j .iJL^iaJl oJLg-j L jjJ t ^pL^LoJ! 

5 jiaJl jl./?)l ^J>u *«— d> <— 9 jd ^ • (J J-dJl .ia^jl_>- <JL>- jJl 

I 'lj-^5 jA 4 |%Jl*jl (jl ( jA ^ Jj N t oJj-L>JI 

JU- J 4_si?L>- i! J g — ■ jA.i/J.J jili Jvj*_isjl Jj (j! .4j>T^v5t_J AXX>z^a J 

(. 0 

4^/?L>bJI dita ~ l*_j ^%J ^.. ^ i V 4 Lj Jj>* t^\ 1 ^A_>o 

.4P j-oja^o (_§L ^Ll oLatjJNlj 


LlLS" c-j|^ <Lp l .. /g ^ 1 1 ^j>b_>cJI <jl j-*p 

( ^j-3 3/ 1 ^^ipj 4 oIp 4 l g «■»* d ) <ijjiaJL 

* *. * 

JJl3 j .4_s^jl*J^Jl ol ^IkJl j jJaj -j-^ Ia^- 5 4_L>- 

oLjLL* ^1 ^ ^ 0^ 

#> 0 

0^ LJLp cjl .4 ^j>- jsS\ Laj^>b-; 4^dLs^| <aJlj jJ? 

^ 41*^ j J C^j>cJ| ^jLj JjAaJI oU 4 5 Jjbcoj \dj>- aJu jl? 

a _, 

_ C^v»JjJ ^|_rJ ^Cd) t ^i-S JjsOa <*J ■^- ?- lj 'AaxXj dJ 

^tJLkw 2 -A ^Ji ^ jj>JJI j j* J-* tS _r=H c^dl (Proust - Berthollet) 
i\ ji\ L y&*-> jli 0 _ r «JL^<l li! t dJi> P »aLjj .( <( j-m 2 ^ )) 

dills' (jl L -A-S ^ ' w 4 _oL_j «L4j jJajJ 4 IJlo (jl Ju>d» Ji" 

f. p 0 W 

t' l ■ ^ ^ « «.■'.■ ^ L (_) l 1.. ^ 1 1 - -J ^ Si J. - C - 

j A.Aj ^ o-t^J oLdA) ^jj>-j jli 4 ^JaJLj .<w>jL*dl ip 
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j -O-S* 4_^J>- jjJli .fA-LsNl J j-^ >• 

[204] jli 4<JL>- ^1 .^pLaJl LJlS* ^ J t“o wL^_fl 

3* 

4-JuS" -LpI j_aJ 2y>-j v j Ujb oLs42_<>Jl 

4j>eJ>- 4 ^J>«J>tJl Jt-S”! y 4jl J_& J k -*^2J>cJ ^ jjlj 4 dU.} ^>5 J .OjljOil 

— - <* £ 

^L>*jJlj i jJ»-i Jl*j L> Jp>=-J t ol_>.A_>t-xJI l j->-i <jj _j-i 

.^^P-Vl 1 A^a^ULdl jt i — ^iLj ^ C 7 ^j>- I j_a 


i*j>- ^i!l ^>-1 jj tlr 4 0 ? i ^~'^ > ^twaj t LiliiS' i!l>j! j jS” ^s j 

j^jJ A3^JUi-Jl A-^>-ljiJl LS^'J ^ A-<>_*a»L>- Oj y *- /2 ’_J C *L<>. ^ .a 

4jtU! ^Jl J*_!L*_U Ajjj jl Jj jiaj <LoJ>- . aJujJ 3 o_Us JJ^ ( j»oj_kiJlj 

.axjjjj <uj^iaj _ji 4 j jjj..'.. si ^ ^..-/j-) oi *y 4_si?ij>xJi 

c-g...«.~.Svjj i <1)1 «-^»Jl t_s^ 4 ciU*i£ Oj^sj y] J 

3* ^ 

■ L as LgJ L*j>-^Lo ( j~Jj i J-i A-j^p C-JlS’ aJcL j5laj Aj 1 

£-~-“-i jl *-> ^ jA5i (_>4-il i^r 0 (j-0 jLiLiNl ifjJ^j 

a^*p^\ d-jlS* 1 ,a ^ a a]o^u \ aj ^LJjJl 

3» 

Lo 4 k a J JlLP 4JU tciUS L^ j-p J .Aj> JLv 5 illi 

^Jl 4 J_>- (jLio^l ol 4xW>“ 4«<^L*_> 4 -J_o-P 

* * + * . f 

Lplxxsl <U«j2j Uj>o jl jl ji ^UjI d)j^ ^jA 0w\jJj>Jl 

4j^-|.5 ^ 1 £ ^ ^_P J-^ 4 ^S-L>J^>eJl £ j-JajJL 

\y^>-\j (ji J^-4 4 4_L^5LJL> 

I > 4^2, ^.«j I ^f, ^ ^«^nJ 1 LC^» ^ I 1 4-> ^ ! ? .« J I 

Jujl ta| ti — <jilg.^ll Jjj»sjdl yS t L |jjjj>tJ bjLxp! iJp- J^?-jj! 

P , ur fr 

^J^>cJLv^j ol 4 ciU^ OjJkj ol ^ 

4 4-wO->-I 40-0 ^3 l 5 -0_>-L5' ciJj^ 40Slj 4 0 J-jU->J| 4^jJijJl 

^ A ^ ^ 

^-^-wLs^l LiLSL*. dSLoss oV Nl aJ j3jjo jtJ IjLJ>- L&jLop-Uj 

O-'lp ^-<»J>c^oJl <Uj jJiOo ^Jl 4 jS/ 4 4 X 0 -*^ 
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• 0 ^ -»i-Lo? * ***-^3 I 0^t«*-oJl f\ * /? P 1 l ^ « « «.» ^ I 4 -JJl*J| 

^3 4»jJ Ua«JL>cJ 1 aJJi)JL> ^)3! cJ j->tlJl <5 op ciUJU 

jLli>-t^U 4_g_w>- jJl j3 jJj .Ajj^jJl 4_J_o_*_Sl i^J^Jl £-2 

LjiJi ^ijj ol <o>- jJl . 4j jjs*- JlaO’-'^ U>-l^j (J jjxxU ^ilji 

^a>cjiU iLls j^£- C-JlS' la-g_a L ^i\ 4 A-..sAxJl 4ja*_a _^J| iolc-^i ^L^-IJua 

’V . J j_>oJJ L^L^I j j_SLj jl j_j *y t o~9 jJS 

oLa«*Jl w-LL>^ 4 <_j jj>oJi (j>^Ov-i o> ^il -•>- ^J! *— >L— 

.^4-L*Jl ^oJl ^y> Lo-^a Ip^j yi loip 

i^jtiitj ol j^Jl -6 [205] 

\sSs- J^i-9 9 oblo^-l L— <23 ^*aJl ^jbu kS^^“\ tOA^Pjl OaJ 

^ La^ <W>l2>c-)J 4 <_£ jJij 4 _^j>-j ljJb»-J OfiJ / ^LoJl ^a 

J ^->- ^jLii_>- jIo^JI [j_A ^j_a 1 ^j. —J. .<2,il ^3 a^j-i 

C- £.5* 

0->LjJflu3l jl.yg>l oj v— ^1 »p 

Lco^J-o o!p ^<>J! • AjiJjj>c-« aj vj^LsLdj f-\^2sA 

lilj .^ji-A-oJl ^-L*_<i*j ^Jj>- ^Lp <l)Lj 03 ^j-SS * (jl 

*■ ~ > 

.L^wj ( 43^>Jl clU^ l)j-SL> AiLdll! ^1 .P dl-ta 33* 

l 5^ t_5^J j^j ^ Oj-Sp j ^ J-H 3 ^J-p c-^^P 5 

^3 < ^LxSUl 3 Lai (3^"^ ^u>-U /^a a^ww»jJ| ^j-p o L a o*j! JL^- 

^ aj 1 (* ji^L! j — - jU_J| jlj • 

. c^-si^Li U5 4 C- 3 L->sj>- 1 jJ^)L>- a^ajL^I 5 j y^ J 4 li^Lp ^3 ^1 

oO^Ll^ Aj jlkll! jLlp-l oli jl ^3 J^>\ jtw^l jl 


Shapere, «The Structure of Scientific Revo Lutions,» j <. UU_^ 3=0'^^) 
in: Criticism and the Growth of Knowledge. 
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5 ojJ— SJl jU 4 Lv 2_>1 ^ ^ L-o-P j_>-l ^ j-> 

^IjjJl iJL>- ^ 3 j L W^*“ J c •Ot-wJaJl Lg_aJJLj .^lII 

J_d^ . ^LwOwLp 4-P^-^->=->3 s\ jS\ <j^Jl5”I J-Lp jJa-w-«-4-J I jL^oJl c 

4_sA>>lp L^jI ^1p L^tj>- V 1 ^J->- C_JL>&^j 

^ AjJ_iJ! oju* oLSnJl^-J : S%>-J ^JiLSn^J Jjii >l 5 ^1 i_o_J ^1 J^> 

^ 3J I A-> s JL<kJ 1 ^ ^L>«-Jo L^_j 1 (® L^j>- 1 

. dA-b ^J-xj3j *)J ^JJl t*i*lb ii ^-p !jc>“ LsJcb*^ j L^_L >«j 

O J* f, £, 

ojUa!I l _^- e ' ^1 LUI «t»^jjJl jl jjjxpl 

.iJLJ! ^bd! LgJ coU^-Ml 


4jbJ_>cJ!' 4-^oJ-^Jl 4^3 L*3* LsA1>- ^ \ j J ^la-> 0 ^J-b'xJLLb 

^ S' t 

Ua^- <jLi l iolj-Jl <Loc^JaJl <oL*AiJl i5* ^uXw<Jl L^J j-v^i z^ 9 

^ ^3 jJaJl ^Jl ^Jj>J| Ujb 0 jJ>r_jJi 4±lbJ ijupLs^J Lo J-S» ^ 

iw^L^J /»— ^j-J c3 L *\j^j\ -ij-*_J il)l L)j± ( j r a t La Jj_v2-P 4 -jL^_j 

L)Jl 5-1 l— a blj) .(_£ j_5*“Vl ( Z > j-> s OwU>-| j_Jl LftjwL>cJLj s J k2->\ jJL^-Jl 0>b J^~'" ^ ^ 

1 ) j-i2j L^w-3 ^ y «. 3'2 Aj — LaP Lj ^ W .3 1 OwL-A yA ^^wu) ^ \s > 

J^SboJ j^Ia^JI ^j-a <WjI£ £~^J (j^ '-^ tLa^-U^I 

a Jl->U^- V yi 4 j ^y 3 ii)b3l 4 j jiajl J^<kJ cZ ^jA ^ y. J-a ^~P ijJbLXwa 

[206] iii ; ^ij ba cfjj^ J j </?->- Uij i J_ r o (J .a ^4 -L*J 

O^La^ 1 ^ ,> N 1 aiLa C ^b^sjl ^ssl\ 4^ygL >aJ^ 

Jil Laj .LgJg»- (__^l 4jti^gTyaJl CJ^LSsyl-aJl i ^L^a jJl aL>«Jt 

a* 

0 j^L_wws 3 t oL>JJ ObjL>c^Jl ^jJ9 AZSil 4 |j-gj L^-i) 

oLygl (jLvJ^lj C^JuJl J 4 (J^ 4 \*~^ 

J «/? 2>c_} ^ 4 ij^JJ-L^J! d» « ^I jjjJI iiLL^ 

^JUJl jjJaill bli c cJ-o^iSI tiU .l^JLo-Si iJL^Ul ^q 

<lL)13 j-sPj (_5^” J-' J J>ia-ll 1 o 
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_Jl>J 5 CjLj ^yA 1 6 j-$Lj ® ji^Ljdl jJililj 

(1) U LJ i c ^-*.la.) 1 1 LuJ 1 dj L->t->- V 1 

Ul 4 X v2_<2j ^£jJl ^ Lid ^-a cilJj .AjjL& 

.^^Uit fJJdl £jsl //-j ;>-> 

t^oJ IjLjvjji jZS *)! I Oj^® b| i— A9 ^*c»J I 'oa o' j~p 

J^S.\ P ( J| I J .« A-a jJ — j 4jlj t ^j-4 ^j-oiLxJlj jJLJl Ajt^a^Ls 

( J_ v ajl ^A aU_a-i-P iLi^Jaj oL jj^*->xJ' o' (_5-® <bL*_lLi .(_£ j-&jj>- 
cjL^?“*y' <_sLJoiS''y gj-.ig.al Sbl LJ J-p <iw j^osju N LJ-LL* 
£-a—~J La LjLpj ,<U« Sail ^51 J ,/? 9 ' Jla-a Ljl ijN (j-5L!j 4 Lj>-J 

.LgOa i jjlij jl 4jLjL>Ji ( i JXiij <UsLxla CjL jiii ij' * j^aJl 

*b.jLaJl CjijoJl J|j oL>t>-'yi J>- Jl ^ iiAJjjS" ola^axj o' 

aULtlilaJ' (J). (J 4 4j j\icS\ Lj>-J Jflji (J| 4 Li Ji*J' ^2)-° GaOOaavaaJ' 

. S^jLwtt J'®j 4j».^.lg" Li j,la.J ' t^-ao ObolSCJl ( j-j La 

J-* 4jL_Jsi^j (((jj^aJl)) iUJ^ {£ y>-\ aJLjJs > Ju>~ jJ jJ j 

^ Aj I Lp j JjL V aJL ^ laJl oj-A> /^S\J t L^Jj jj 

t> 

C ^L3La LxJi'^^ ^Ja 40i'jbp LpLwaJ L> ^JaOi' aLal*-^a 4 Aj 0 ->~ ^ 

4x-JaJi ^3 ({^xs' Jb La j *\ z .i^ Ljij b>- J Jaj 1 La <t4jliaa ^ j) ^ daS 

tjli aiiJi «w-JL>- Jjj .iOwU-aJi {jA Lp^L>t_a oS/i J jJ-j 

^Jp C alLii 'y Lli .5 JoJl 4 wL#S aJ _J-4-*-a ^Oxj t 

4_)j-Laj o'j 4 J.,lg .ajl 4 j Jau ^j-a j_;_i L^-oLSwa (jlj tjLOaJl 

JJ LgJ j£ Ol~w>- ^ oliij c jjJ J jj- 4 

b ^>- jJ JajNl j Jg.:JJ Lal><Jl L^-jLxj J (_^j' .cjLj>t->-'yi 

iaalxj! 4 w^jj! ij jJia (1)L$ 4 ^j-aSLxJl JLp 4 Jj .^jJaOa <3L~aJt 5i*)Lp [207 

4j jiaj Jl La^Oa 1 J J ( j< 4 Jaaaajl 5j Ju jJ| jjl ^jjlxOOjN 

sir 3 <jb 4^a-fJt ^IjJ' ^jaix-; ^ bilij 
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«jL (. j^JI (-Ltip L-A^J ^ £-SP (_£-LSl f-l ji-Vl (_y° j*-P jJLj .Lj-lS" 

lil t LlioJl -ILLU- J jJ-o t— 4-^jJl jli t ‘Lo_^3 ^j-Ss-oJ ^y^—J 

^—jJl Ll^oNl LI iSj^ ^ t*'-— a~LL s a..,/g.li i. oL> 

.|»jX*j! jjJaj'j 4_».. HI ^jJLJ *t>-Lx>cj (_^l 


jJUJI 


4 j«^Jg —7 


^5-^aj ( _ 5 Lp J-*i (_$S jJ a j^fiC^A aJLsLoj 

Mj 1 1 (jl$3 Lai <. LdJL (JjVl o[Sj 

£ 0 ** p ^ fr 

1 <LLtSLl! <u3 L«j ! Lw&'jIS'j . L>Loj La>t» Ll-S' La-^Jwa LI L)l dJcs - 1 
aJ^Lp N jL» LJlp tJiSlI ^-Lp <.La ^ HxjL La 

U_^va*LO LI J ioNI L ^>- J-a 5 U-) L_£^a 

La £-jljl OJ^ ( _yLl ^yL^^I LS ^ A'j) {jA J~ls jJl> Xel 

I j_* ( (_£jL-_*_oJl -L-ajJlj ^jj5-v3 jj| -Ho-ijl Lo_* ^ . la ^ 1 (V^J 

dJUi (j-J Lr^ J® -; C->! lj* 4 <W>L»- aj j^Ai c JlaxiVl 

ol «-L»_L*Jl (_^>-lj CjA jj-wJ (1)1 j-S> (_gl jj t^a-L»Jj<Jl 4_L*-4 j La 

j ^Jl ^j -1 La ialp-l ^yjL pUj! ^2 >*j j*_Pj -LiJj .l«L* JjLa lj_L*jij 

*L->j L.* H ^j_P ( ~ ..^>- ^_>- dLJ.Xj j | ^ L ^Jl ai — 1 j V . » . 1 1 j, jj£p^_>- ^Jl 

j N ’. ^Jhj (.(jLa^Jl 4-]— Js 4 _o yJL?x_oJI 4 _wi1^ w Lj4J| 


(J-* 


(19)„ 


> * * ( 

^ j 1 >zj <iw^»jL<>w<>J I L^ 3 1 j AjjJajJl ei-LL) wLiJ 

oliL^ jjlp j .d)L5^ JS ^ 


\ ^ ij J......~. l i PPji^jLi ^JLa_a jJajl t. aJ_)J_p ajp_al Jj>-\j Lj-a2->s_U (19) 

Paul Feyerabend, ((Consolations for the Specialist,)) in: Criticism and the Growth 
of Knowledge. 
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jJLj jJljl (^jL_*_oJl lg-3 


^Jl i>-0>- .Lob ( jA.^.a io 




2*oJ !j> ^ )- 




Iwb L *2Lb ^-Lp Lj J-*- l o j_s^L*xOl 4_jj_*JJt 40_^-LiJ! <jP^ I_^i 

*< l« 

js J-5J LLLJl oU ,a +<& Hi ^ jj- 0 aJ_£_) ULL*jlo j L^2 _x>Lp 

^JuJl oLLvOi JJLo ^ LfJ j c p — L^_3l ^j_p L> ^_lij j-lij ‘^-^■'j 

01 ^^J-p ^ydl a-LL\JL ^ l5 

Oj j_*/2j 0*s_*j>c^? 0 jj>o ~L ^ jr-^-P’J jObJ wbjl bj 

<s*> L>xJJa^2^>J Lx Lx I j3 L^j Li l (j£ jJ >- 1 <L j-L-j ^ I Ju^2-3 I I^J-*j>c_> 

Lp (jli i jjs*)! I blj . j ^ oj j^CU 

oi ^-d ^JjL^JLj *0 J_>- o j-L-> L j-!i-) ^Jj j-lajJl J j--_> ^Ol <— > l — ww-j ^ I 
15* j-Lx Oj-^-L-^j l o> ,+. ^ ii j I j_L j^-' Or^ ^ ^LJ-p 

^j>sJ.-*,^> aL ^l-J^ ^Jl ^^Lw<i-^j 0| . L j-lajJl i _>- jj Lb LL*j 

eLJjJ 'jrr^ lj^ ^ IbL L^j^> l^ULLI ^jbLx bJJSj tLj-LjJl 
.LLx lb ^_L x c 4>*_b? <J^>- ^ ^i-l cL ^IsL c^i bbx*xi 


[208] 


Lp j-A-A 4_jL_>- 4j>tj>j! bLL aj 2_L>- jl jOOlp I Nj 

cOjufcLOxJL C-LL3 j_> jJsijJl 4_£^>-j ^t-jLj wLdJJL^-j jt-L . laJw<Jt 

o i J j>-j t o JjOf <— ^L5\Jl IwLa jlwLs^! .L^-J-p ^ill 

£, ** •£- 
LSj_LJi oLL^V oJ-L^> 5bi J^LiJ L^oJ-aj ^i LjJiJl 0» 

^^jJI c^L>xL_v^ 4_-«L>L>J! <s j_jfc *L jlJLa o^j .^j-wsx>-L*Jl j 

4-^>~j OwwvJj .jjjJi LiJ^ f-Ll jl j_x> juxL jj 01 ^-Lv^^M 

jij_) 01 4_P 4 x2_L>- ^ L^jL C-.A.yg.^ > u=JI >J> 

.^Uij'yi lwL& 


Stanley Cavell, M ust We Mean What We Say? A Book of Essays '. T Ja-Jl (20) 
(New York: [Scribner], 1969), chap. i. 
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jt-^-i'y dijj_i \j jj^> 1 jLxSCJI ^»_*-La^I liJuc- ij[ .1 >Li?jJl U_& 

oAj^Xp (j ^J l>- ^J-P 1 ^ 3 . ^.i .. lr?. > 4_j| 4 j\->-^ ^ j?*l oj jb \*-i \j‘-h>~j 

ijjOj I 4 l->lj .^JUJI L J^' If-jO’ !_f^-i A - > '^ i_r~^J <_£j->-l 

ij c ji\J n_i3j^Jl ^v» jxl Jail! <jl ^ oPjl V j 

4 L)t-ulj 1 a ■ ., ia.T i )LSv!l oL>-jjIs'^ jl lLLi ^ • l J , Jt > ~ ^‘■iJJi £-* 

CpI ^XjsJ! Jj- 4 O sL*0 ^«J-*J! j jJajJl ayy^Li ijO»- ciJJjij 

.<oo?l jiJl j~s- djLpUaAj'y S ^j- 4 Lg.i . ij O-LtJL <L 4 ^iL«Jl 

.^j^-\ (J jJo- ^j- 4 SjL^jl^- 4 L^_ij/ <.eiUi? oL>-jjJi>'il 0 j2>o <jl 

j j_LoJl J 4 (j^-Oji^ 4 yt±S\ J t(Oij/l y>- jyA (. — f 3-0^ Lo-jL ij .Ls 

j»-4jIp jo> t j->-l 0 ydis o- >L*- v-j1 ojLWL-?j y>- l 

ol jjy ^_~^jii!l <jjL»^<»JI l y-i z^- 4 ol?j . 1 ^ ... a ' AijJaJL 

4_JwJlj t(3j-3Jlj t < 4_ijjJLil oLpUslaj')! I J-j Oj 

^jIp LgJLJaXj 001? ojjis Jo oijj^ao <Uoal<Jl ^xiL^l j , o^J^Jl 
L^J jJL>- (jl ^-->jlj J_SvOj jJo*j OL? (_j-^3l t ^-ojj J?Oo t^j_L*Jl 
4 j^iL 4 jl>"| J-* *-?—>- jj- 4 ^-*-Olj-Jl j 1 ^^-*- 4 ^ .AjiiOi- 4 <L4j ^Jaj J jia-~ ! 

i JLlJI J^-- 4 ( _ 5 -Lp l (j-^l Lilj .(jli j_a i jj JIL 4 ^1 

i ^»J ^.4,xiwi Ajaox-^Jlj sjjUl oLjjr^JI i (Jljj j^Soo-i 4jL 

[209] J - / ? . 4 !-$->! ( 3 ^^ (^iJl o>L>* 1^1 

(O^-Loj I f ^3 «LP I ^-5 ^yi L-£ , ^-Lp 4j>O-w0 OooJj i^jj'-’Sfl Jlo 


(21 )„ 


3^ 


yj > 4.] a, aj j >lo?vJi IJLa ^j- 4 JoaJj-il jl? c JL>- J? ( _J-P'j 


'. jJzLji k^t—LxJI oojwip Ajt— Ajjll OiotjJd -l_J^ij - l iaj ;J 1 oj- 4 (Jj->“ (21) 

Thomas S. Kuhn. ((Comment [on the Relations of Science and Art],» Comparative 
Studies in Philosophy and History , vol. 11 (1969), pp. 403-412. 
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o\ A- J3I L^joJj ojI? aL.aj 4 ^>-i 

4 — > js\ 1$jLL> ^ jA“l <J ^A>“ J^laXJl A^Jlj cjl 4_5' < A-*A JjJaJi 

# »* 

^Ap 4 (JjJiJli .IjjA A^LliA cAAj->c_a j j_laJ AjA 4 ^y£> ^JLAj (jLS” A>oj 
4 La jjJaj ( j r jy a^aa AlajLi JA^I ^1p j 4 ^»jA*JI oA 4 (JlLoJi 

Lo-^-o lL_>- 4_!fT ^jAsJ j%J 4<_£ J^-I <J jJL>- L^JjLoJ JS J_ij N ^uXiJ 

gAa «n > LxSCJ I ^AIj_aI Jj>- I o A JAj . aj A ^j_4i!l A jAo A I 

Ag-ftyg ^ ?-J-Jlj c cjAaA^N I 

j I lA^J I 4— ** Ap ^,A -P 4 6 *Ap I 4 ^ I wVj w\-J%*-A 1 4 Ml* _b*- AA^ 

4 — o > c_j L^-5" 4 A^^vwlJl ^Ap 4 Qjj- ku Jl ^ jl*Ji ^3 i^iL^Ji 

o ^3^j ^AJi 4^” — o — ) ! ^j_P ^-> Lla > - >> Aa ^-SAjLlJ _ai .0^^ (J A) ^Ap 
^A p JLS*- Ju^>- jJl ^^o-Lp -L>rJLa pL*^2lPI 

4_v^L>Jl Ax^-JaJA AoU* j^Lal! jl lLU^ J-<^p 

AP j^>t^ ^buA) ^jJl ^Aill ^Uioj 4 c3Jl^S oL>c>^ 1 4 A^o>A*Jl 

( jA ^jA-l ^*>A 4 — >A_SASl ^L^2 j£jJ .jl j-SJl j C-»!j^3 ^^3 4^J_P 

lx*a L^5\Jj 4 ©Ju>- J ^AaJA <U/?A- ojjj-vaJb 4 C-wvv-J AjA ^j-Al 

.a ^p /jP ^-oAaJI J^A^jJi 

4 0 J-A ^L*Jl £coOAj U - ^ 4_^J>-*-j ^j-^Ao U-4 jijJA AA«A^ 

A_>- L?-c_! I 4 _^Ap Jo J-JA_i A ^U-AArJl oA_A CJ_>xJL3l J-3_^ Ai! . L 4 AA 

^oj3 ^\ A>-l>Jl ^Ap J^ALjL pjA>-A*< 4 ^!^ 4 jtA^JJ A^pLiJja--'^ I A^lJl 

^3 aAj A 3 JJ- 0 JI CJ 1 Jo>cJLoAJ AjLfl-a CP^i ^ cJ"^^ 4^JoLo-a 

Jo>sJLa Ao *J c^-A^S~ ^ A A-^o I 4^s->tJJo . 4 ^ ^_>- i A 

A j ^pLAJI ^uAo-p ^ j>\ ** 

ap ^<>j>k_<JI LaI uAIJjaS/I ^a Aj S ap^-<>j>t_<>J I ^\ L^-A>-l jA ^a 
4 ^oAvjj A^A>->Ai j 1 A-O jAll C-J A1 jj>cjNI A j c ^A> A^3j 

c* <* 

Lois pA-*Aj *^AA A>-^3 o| ^ aj A 2 -W 2 J 4 — AA^ 
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^ I I j j>-\ j_)l ^j_p oLL>-l L p 

<i j_*-<Jli . 4.a J g I oJ_a ^J! 4>-l>eJl J-J* 0 4_aial>3 

V jT & 4.P i ^^S' .iJ yL£*/> di-Lo c A^-Ul ^JjLa ^ 

A-v^lj>til */?.>cJi 4—3 j -*- 5 L — ■§ A \y . ^J-P 

. l> j_>- jj o>Lp ^^j>e-<)JJ 
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Ji j .(j^l j->Jl j_j ^ _^Jl jjb : (Perception) l e^>- -^1 j^} 

A*/?L>cj 4 AJ-wu'^LaJl JJLC- o j-y^ 4_w«_aLi ^c-Lk-soi^Ji I j_* ^k->- 


(David jjA Juko j (John Locke) l) J o _p- 


jJL^O-a. Jt L y\y>J>\ 


Cr 1 - 


JlUI 


£_jL~JI j^Lll ^ 4 Hume) 


^**w*eJl L» ^ * A j-Q 4_3 .A3 ^Jl 

cc-ULj as- ji ^ <uL k jJ Ak*aJ JJLdl L»l .(Empiricism) 

Ajj 4 aJ^JLj li ^k-J jJlS) LLs3>^ AJL**£UJ 4 4X- 1 Lvo 1 t ^ ■ Lp 

! oLoL^ak 1 )La Lo Jk jlj v aJ 


j jcjjj j*JUil l^jkixSl lxjS\ ^ j : (X-rays) a-Xw> ZaJ>\ 

'i L^jS/ ^ xj J • (Roentgen) 

j»-ip Lo-A Xj 4 (a!^£>i_o (J^l) (5 jJ 

o-La LxoL! . A~yal>jJI o^bUJi ^ t oLviljjJl 

.2j*^i'yL ^jj^ax)! L ^ ^ \xJv> Lo|jj>Cw/l A^Jo'yi 


^d.k„ya.7 Lo J_^io>sJ 5 jjfcLk ; (Reflection) * j -k " ( j*>L£j«JI 
^.,k....j (Rays) L«JiV l Le- j_o_>*_o LiJjpo (Beam) aJ L oj>- 

^J) oJjLp <Lo j-v2j 1 boj^>Jl Jj jJC 3 4 £-L>-jJI J^o ^jJ jJJCo 1 (J J) -/?,o 
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a-X^J j ! ^.Lp J .4_X^ CXOj^ ^£-X)^ ^£.}Lo_jl Ja_^u jJl 

~ (■Jjj j-Sl «U_j!j) 5 " AX*_w? <• i ^»lS'd*j'^M ( 1 ) jjl JL (j Jjli a jjiUiil 

.(^ISvsjNI <Ojlj) 0 



J_ixJ Ljup ojlxJ aJ o yts'Ji : (Refraction) «■ ^aJl jL-idil 

j->t) Jl .^ip dJS j .j3~l JL-^j J! (_£.iLa ia^uj ,j-a a.lj!j iuj^P <laj>- 

^JJJ^ u*j'j <_?H cJ'j^' c^ - (b)) dr® : <J^ S 



0 y^> JlJw-P ^ 

oJx^Jw 1 ^ «L^o_l_P 4 j j-laJu ^Jg^o ^o-Jl dV 


: (Paradigm) 

t oLj^wIj c ^- sjlj-SJl 


^ v v **- \ v 

^SCo_> <P I J-yg-aj J 

^j-P o jL^P oi j-9 4 jJuJl 


p-LxJl ^vwwuLIj 

,1; ^ o^iaJ A^rj £yj> J-* OjS 


_X>J| ^J \ Lp jj li*Ax>-i ,jp L*Jj-I _5 i—iilPia 4 _jl sCXo oUjujIjJ 

^ jj j~>-\ aJU*- 1^5 i_r~^j Lo^ t L4X1 jLia /^Sdao (_£-iJ! 
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. Lj_) N 4_J_^_P 1_^_j ^ jJuJl ^L>-jjps 

J 4 4_> ^LP 4 E-b J j>- 4_> jJ^_j ^ ^ A-A-v^J (^AJi ^Jl J 

LoLw 4 4 jL>L~u 0 jlij ^JLp ^_5^ 2j2j ^Jj EJjJj>- 0 j]z2-> 4^3-1 

A-*_»^wsaO L«£ Ls^j 1 b /^ ~^c-J ' ^ I ^-J 1 ^ ^ .3 ^ j . « /? „> tu l^< > 

^LJulII LoLp 4 A-s-w^LwM-ji oMj jJlII j <Uwo-L*Jl y*-* Sl^jl 

djL«jl LJUo ^3 ! ^ j3>JL> y\ Cy*~9 iS y^ 

^JUJI ^UdJl lJ \j> (Anomalies) ^Uioi oNU- Lg- r l ^J 

cl^ 4 4 Lo^^_l_S* y .L^-L?*- 

4 ^3jJ jl d^ij N EJ^Jj>- a^Jij 3j->-jJl ^Jl j,g la 7 L>^_J-£ .<15* 

^3 Ju -L>- 4 A^LwwvJl ^3 -b Jj>- j>Llij * ^Cb Ji ‘bV* c/j 

aLo- J-jLijj oJjJl>- oL~^jj-» a j_CCJj j^aVl Lk^-JjS" ^Sj .jv-L*-il 

idaLojI ^JL L)l i_T^i <jL>Jl j-aJL^i ,aJjJ_>- jl 4_wkaL-~u 

^a a j-SLs j .aJ_>J_>- olj^j ja>s_4j aJ_;Ja>- 

is ol j t. (Reference) Lj^>- ^ L*_JaJl ^Jdl ^jJI jJl 
4-^-JaJI ^S iiL_ft> *X >- yi La £-a 4 JLI L ~ a (_) y^j (jl 4-vx*J«*JI 

^ 9» > 

^^a_L*Jl Ua>tJL<i-)l 4 4_a~*_ol j-J l_5_Sj 4 0 ^is iXLP 4 ^*j>- .0 ^-5sJ! 

(^JLS j-» j toUj'yi ^jJl j_gi 4 (Scientific Community) 
IwL^J a .t "5 Lq 4 oi jjLo-i jv-ii-C- Lai .LjjlS’ «lAjJL>iJS oS j.la.'Jl 

4(_^l Ljj>wa jjjaXa j*j_*Jls ._Uali 4 i)li jl ^ajlxjl j^ajLail 

. LCaLaJU^I^j 4 \s -al^J 4 L^pLaJ4>-l 

l \-& Lj jJia 4_>t_sa5 ^j-a (JLLj ei!_P_j .(Verification) 

4 5j jiiJl ^L^aa-I J.^^a.Jjj .‘CwoJjdl oi-wi jA^\ t j-a <C^si> ^S jl CaL 

JwP l^jjJi oL^uN ^y>bJl! (Implications) 4 IJ 4 J 0 J j 

cj ( jL^ 3 ^^3 L^jbLJpj ^3 c^t>j I 3 I 3 .L^_) 4-5J_3CL<Jl j-1^J- 

(J jJL> j! 4 LajJ^j L« 4_>^JijJl (jl dU^ 4 Igjjjl j 

. \ y* lbL^>o bJl jl 


4 C-o2^5 
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^ oLjj! j_* : (Acceleration) £jlw 

^$UJi aS yxJj\ j*-Lp ^3 Lo^-4 Ijj3 ^-U=^v^ o-j' IJ-& (_£^1 Jl3j .OjL^-JLS' 
! aw?L> ^Jl ajl*_w? ^ jJl ^jlill 0 .^j ^jiiaj ^Jl pJL^JI 

.^jL^wwJl c^_Ss3 ^ J»p t a*J»p L»4 , _^3 c J»w*u f ma 

JluLj (Deceleration) u pjL^Jl ^^J^p jl ^1 o jLi^l 

.ap QL/? <?*Jl 

c Uj j-o~p 4-uLJLaJl L>t»l Jg - . ^a _^J 1 y-^j - (Concept) * 

* * 

AiisL^Jl j .Sj^sjsJI j_^-*-« L>j-*y>- .w5_4^ai»- J(jaJ>Jl ALc-j 


! L«_* 


i>- 


»L*j 


j-*J-*-« j j -, <g ' .’ Li (1 ) j*-* ^2^1 jj-iS-Xj 
:JllJl J_~~u .(Extension) 4 (Intention) ^j^jLJI 

4 <ui=i ^jLoojJi j Aj jj>cJ! 4_^>- , jJU C->La-rfP 4 _aJLu ^ j^,.d.a aJ ^UJl 

y jZ *. SI Jj-LwJl ‘Utiad-* 4^»ls^ I j 4 AAiilj j^_L^cJij 

^J-P y& ^^Ls^La 4J ^jlJwJJlj .LiU^ j*S* ^ 4 I jJSx^iJ 

.^UJ ys 


JjlS jl5 Uu j* Jj! : (Falsification) JlSsJ 

JlP ^ yAj (j£.AJi t-\ I 4^2jSj J 0 jJL yS- 4 yy 

ySzS y& l)!j 4 C^oIj L^-^llaj Aja-^JaJi d)l 

Aj jJixJJ A^S L*_-a S ^kLb Jj>- jj cl)! ^aSsj AjI j^jjj ^^iPj 

. l^JpLiL^>j i^. *>-\ jJl /y* (1) ^j^J ^ >“ (LgJ Ajj->s-0 ^1) 


jJj /tJp >o L>tJ. la ^1 L? *.£>.a \ (Gestalt) 1 « » >■ 

^j_P j%-^JL>s_j 1 ^3 oLoJ^l c-Ui-Lp /^_>3 ^J-P aJ^»*JL^Ij -APJjol 

ol illj^l LJ^-P jl IjJl^j jJj .iilj^l 

.JS^ aS^JwL) Jj 4 Ujj>- j\ 4 aIoA) aL? d ) Ll^Jo iJjJj ^ OC^wJ^I 

V ^i!l o^JiLj! A3ycJl jLijj : (Intuition) 

J : ^y. L^l 
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j_pL_4 1 : (Conservation of Energy) SiUaJl 

4 y>-‘ (_j.il (_j^ 4 JU 2 JI oi oljj_oj s-Uj^jLil 

4 Ljl 4jUa (__jJ j <J 4 -jL ^^S-Lli aJ Uai la .LjU (JJaj LajI-LLo i j^o 

jjk JJaj iflUaJl j\ JJL*. (j5l! 4 Ia j*&J 4 ^uS” 4 5 -j J-^J 4 

& 

.OJ>L» j jl jL/2_A> jj.i Jy 1 t jA> 

^jJl Ja-kiJl jUJI aav* : (Circularity) JLp iiU- 

. <J L$ jj_4 /^O ^ l) 4jLJ c— J ^~A L 

jl Loj : Jli j 1 4jjl ^J-p jl ^V 0 taj ! (JliL^Jl 

lj>l (^LuIj 4^oJjja) 4 JJI jl lou J (^Jjl ^U-Aa) ^jj>- j-a (j ^JxJl 

* i 

-L*_j j La ^_J I /^o 1J-A (<i_>t>^Aj) ! ^,4 <lLJ| 

IJa^Jl iaJUl ^0 (Fallacy) 

^jLwo-^S' c-.-S" j-4 ( ^_Lp lIj LptJJavA^ ^j- 4 .(Acid) ^ >■ 

c *>ll4 4 l5 Jl 4iLjJlj 4 J*^Jj 

cS0 4 H 2 j (Sulfuric Acid) 

jl Jl SjLiVl jJ^Jj . CLH jJLjj-KJi 

lili .(Litmus Paper) u ^Jl}\ ^11p <j jj L> LLz.^1 j_> 

j J ^Jl oJ jj>oj (Jj Jl jJ-L /^-4 aSjj <C-a ■clajA 

4 l2jj! (J) l-^- J J (J ^- >tJ 1^}^ m i^j ,£2 ~^~ > ' ^-<jl jl 

ojLiNl .(Base) o-LpIJ J (Alkali) J JlS jjj ^^Jli 

ft* ft ft ^ ft 

<w?L>- Awo_aI 4 >_5 ^r 5 *" ^IjLcipI Jl ^ils^VL 5 4 jl ^JJ L j .) I 

^ ft 

L>cX« is^ J-^ii 4-LftLftJ (ji i _ 5 i 

+ CLH tlLjjJLSJl :JLuJl J_— .^UJlj ^jUVl 

^—*—4) ) CLIVa ^ ii j^aJ-S" NsOH ^ ij^LLa ^ j_LaJI 

HiO f-L + (^uckjl 

£f3 ci-^ii («-i^i' (_jJ| A_J : (Darwinianism) Ajj_,lJlJl 
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l*i*J j ^ I ^ ' ol ^jA 3^" -3 * ^' ^^ ‘»-.w*- l l ^ ~) J) ^ l ^ Aj ^ y LS I 

OLS" 4 ob>tJJ ^£>-1 AjlljL?t_a <jL^Jcl aJ Q.y^ (^.iJl J S i ^J j-^ 5 
oJ-JL*Jl ^a ^i>jlj«Ju Aj jlg-,l| oUA (j! Aja^-^laJl jJ_>sJ j .S.S ji}\ Ia y>A 

• 0 0 ■|H||*|« l lj A 1 . 1 l-Xj I 


^Ik^Jl j^JUil a_J ^jJl jJuJl j : (Dynamics) ISwLji 
'. l aS ^><Jlj A_j“}lj" ( j_ol j-3 (j- 4 i— j sJLXjj j~*j ( Jj_>c_*»i| 

y>~l p u! objaj .‘(Inertia) ^IjJl aJIL*JI o^ili - 1 

;L5La JJaj ^bLJU .AJli ^ j jJLJl j\ i5 j_> Jl ^ ( JJsLp) 


U tiiLfj b 


AaJsCUa aS j>- lb j>sSLe ,JJs2j -lS^>cao-3l^ 


aJI ; ^jLvwjJl o jjii - 2 .A*.* ^^a a^j>-jU- S ji a^a> 

AJC*ww*£>_J *A_P^)b*CLa *Lb j>~ aS ^-Lp * Cl ...A ■* A? bl 

jjjU _ 3 . f(force) = m (masse) x a (acceleration) : ^ w>L^Sl 
aJ jL~wa J_*_s ij ^-*3 JbsJ J-a-j.) aJI o^LLaj : ( J_*_«Ji Sjj Ja-aJI 

. obxj'yi Aj Jj^bbcaj jIJlaJI 


t-^y^y . Jt L« a_Jwj ^ J_b S^-'-^ : (Atom) Sji 

S A 

ol cNia ijULi .frLa_;iC!Sj ^L)j_oaJl c5 aJu> ^ 4, (Molecule) 
c l^Jb S jJJl a~u bl . H 2 iwC^oj Cj?j^ Lr° 

la ■i'stj A^J>- j-a A>jlj j-£r^ Adj>u-b^ a)Jw* (Nucleus) c ! c., 4 . 3 b3 

N (Electrons) oUj^^iSLil la L^J-^ aj^I^ oljla^ I 4 J 

^il ojUaNl .Ajba isl C->b>c^a ajbp' Lg «$Li LgJ l)j_J 

A_y2J«-; t l^d-a J-* La-a (—AlJ LxJ l ^ ,.Aj oljjJl ijl 

t Si jjJLl iaA>- J_<j! A-jbj^bUl AJw>t^JI J-a->s-J (^Jbl Jjs J (Protons) 
. (Positrons) oU yJjjyj (Neutrons) oli jjy^ 4 -A*jj 


.CaLwsA>LjjJ 1 jvJ-P Z^a gt-Ua^Aa ^ (Graph) (_$->!«*■} j*-»a J 

(^al jJli! jl) <_s- 4> -^d 3-»J A_^_v»JC_A A_a^>- jJ A-jL — S i LU jJaasJlj 
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4 — n ^ * * **■ ^ : ^ C - l l a)a^“ ' ^ jj 1 y 2x A'i ^ p ^ Ij^J 1 

: liSj& to 



y 


^1 1 1 * *, a L j-jl JajrJ! o _^5j j/ 4sy 

.Jslij o*lP J-v 2 j Jai>- . 1 Jj t tiiiS t_S^Ai>- jl ^aLsU £-Us jl S ^jta 

Is jJsl>J| ^J- 0— . X t. j (_£.3J| p-LxJl jl ^yJl ajLj^M jd_>tJj ! IJl$1a 

t ‘La-**! Jwa-xtj {_£.Ul j t 4_»XJla»sjdl <Lv»JUL^Jl ^«< 1_j ij jj<_aJlj 4 _»jLwJ| 

> £, 

■ y^y li J' l j cj^JOll y t «Cartesian Geometry» tUL^-l 

a£ y JL! j! t JlLs t aS y > Jl oUvs <y> y*j ■ (Velocity) aPj~» 

. La-& t jLj^^-a I 4 J AS* ^-.^Jl jl 4jaL>-^jaJl ^)wL>c-J -^J . <LP y* 

4-Pj-^Jl j .(sUxiVl <_$l) (Vector) £L*_^JI £_* .>Jl*JIj taJb>-j aJud! 

iJjtS - kc-yj\ Ul tiijJ^j^l 4jJUl y (Speed) l-° ^ *x*£ 

. «Velocity» ^ eUJlj 

4_3 j i : (Disciplinary Matrix) ^UaJ jli»J cdS UL-i. 

t_i i4jjaia UL*» j olwiL jJl j*1p oLx Jla.y? a (Matrix) 

: JhJl ,\~y ^ixi jxialiu aUpSH y> (Columns) 5-U^i j (Rows) 


3 

1 

9 

8 

X 

0 

X 

6 

y 

7 

0 

X 


= (matrix) as yua* 
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j^aUajJl 0 b <bbbJl jLj t ojbcl-u'V'l <_£ bl 

^5 4^> b - a OjLwujb-bl^ ^ - 4. 1 1 jj ^j! jjijlj *fpl ^bJ 1 a£^S) ^aa wL*^j 

i _ ? Xj<_<J A 3 J>I ^ 1§JU ib^j .abJUJ! j^o (Community) jJ^ia 

• pbol j^>\ 

iitkJl £l y\ ^jJ ^ j : (Kinetic Energy) bb y>^\ SiUaJI 

AiUaJlj c bjlj^*J! aSUsJ! j tbalSb! AiliaJi t J-bb b l ^xii 

^clbjj .L® j~-&J £ Ajj _y]\ iiUaJlj i b? bi-b I 4-sUaJlj c 4-ob 

AsllaJJ j^j E bu~»- E = f.d : ^bJl jjiliM iSy>J\ 5ilkJl 

. d aibvb f i jj J-vidj ii jj>cX«Jl ^ »>eJJ 

ju> 4 bs^L>-) pJu? «u JUabjj : (Spectrum) i_i. Jg 

!* ^ f- 

.b jv £ j).i-, b J I wU^bb (cZ-*b j -, /J --J 1 ^1 a- ^_v2jl p— Lp ^^o-~v-bi ‘LG'jj^ 

?- jJa^ o ^)-P a b LU > j b c joLp c. L^_b-P b— 

5 j^-s^ t _ 5 “bp ^J^b-bl ^ybtb t ^->-1^-^) (Prism) ^^->- 4 ^- 4 

(Infra-red) c-1 b*bl b bju>j ap ^ 1^0 <jl ^J! 
b j I JUSfl (Ultra-violet) j ji b-bl jl 

^yAAAAJ . b -A j*J£- J j.*A> -')t \j j-o-A-Nl LgJwO (_$ jb-l 4_u jJ 4_*_bl ^-j-XXj 


4_a_LS\_i jt t j -b. H lb ~\i 11 

j_Aj . 0 ! j_aLJs jl j_®!^_1s> 

S-^bJi -Lu 2 j 


«J A J) b-U 4_» ^bbbl 4_*_bb I aJL® 

. k_a LaJ 1 t aJLsbj 

: (Phenomenon) « j_a Us> 

^ j-L*Jl ,j»o ^Lbv2-4 

£'bjtg-bl! jv_Lp j t ialiaJlj ajill t A^x-wJsaJl jJuIjiaJi ^ojJO s-LjbJi 

^Lsjjb/lj pi 6 ...la.il jJ-Ea t 4_^p-Uj_l^-*bll j la.) I 

J—ij 'y ^1 0 y^UaJ! ^ j : (Anomaly) y S yoUs 

obcS jj a jj b ^jb jJAii c (^j U« i) jbb oLw2-1jL4j jj 
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o o Jwft> JJLoj kiJjwb wLta A j ^Jaj 

. j\ ^Jj 0 ^ ^PtP ^j. 4 ^> t - :> “'i 

t* {, C- 

Lo Ljl^ ^ oL) i3 ; p^L<J I ^s L^Ijl*^ (^L-wv^il 

j j.,^ la i <j5j_j-> jL^ajI Oj^j 4-4 ^J-P ' , ((Uaj>c_U ^j/s jA - 1 

. 4X-4J_)L>-«_J JjJu -L>Jj»- ^~3 oJjJjs- 4 ^ii) 

^-^^4 Lsl ^_< kJ 1 ^ .cijL-xJ-p . (Lens) a^ -Lp 

jVo ol jS ^4 i j ,4j^— -^>J| ul ^j.4 L^J lj— »J Ajj^sCJl L>l 
4_)-L>waJl d-’L-wJ-xJl . i)^S j-> wl-’t — 4 .1^14 ^Ifl. £ ,s ?*■ b>- yl 'i 

! IA>J4 4.4 ^xJLjl ol~uJ-*Jlj 

> 4 j.ya.11 v 4 J^jjl 

\ 


4 ^*A4 4^s J^. 


AjJ-pt-o 4-4-lP 


4. 4 <zS^ l-4-A^-4 I 1-^3^ . L^JSxi 2-44 Jl .> jljJl 4 JwaJl ^j— ^*_) C^L^-Lxj!^ 

.(-L*^ ^o 30 j^LJJl j ( ^j>c^Jl) 4 * ^Swj j ^ 5 C-^ 3 ! L^ 4 -a 1 

J-oLj .'(Incommensurability) (i^Li'bO lUjliUJl iJlSCo j ^J-p 

j^p Oj^oI ^jl oU j]Lj j! oLa-ijiS^j -L>-j taj 4_,| oL^4 

Lo-ftlwVj-j 4^3 4-o->- jj jl U^jUa 4jLj l J^_JjiljL>e_4 ^j^l—o-Lp 

4^Ji J>^>-J ^»J4*J l(_£^-L>- ^Ua>!jl L>-^J — I ^i, lgj?,.l\' U .(_£ 4_*3 ^3) 

4^j>J ^ 44 ^- 4 ! ^J. Is ./? ^Jl 1-L& <jl ^)1 4Ja->- I ij^yuXv4 

• OJJJ j_^l 4 4JJ^Jl 4i>Ljjl 

tLw^jJ^-Jl j^Lp LjL_>- 1 : (Biology) SL^eJl j^Jlp 

Nl 4 ; v ^xJl 4_5_J jJtj (^^-5^31 4 I >J| ^JS>( J_U 4_P j_44> J-4 J 

L 4 j-S'-A />_L*Jl |j_A L^-44 jAj jJajI ‘ 4ja— 4 I jj 

t L*Ai»- AS- ^4J_>i_4 ^4 <_jjJj-4ji l *U_Utj| ." Jl^Jl J^_ww4 ,_j3_P 

^ Ij (.(iijj^jJ! ^ 4 . 4 /? il (_$l) (Genes) (,^^>^31 ^.^waxil 
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ol J l^I 'ji (Dolly) IjcjI ^JJi (Cloning) 

.LiUajjj 4~oA*j| 

f-Lo-wJl yri j]i j [ ycJ>^> jjk j : (Astronomy) vlLUJI ^1* 

J ij . Lo-frJ JjJjCj Laj (iliU) ^ y>*-)J (<5 j->t^« ^ J->^J tiD V >51 j5 t y» 

C.»~> 137) yo-«Aiaj jt-i-LaJl ^yU jJl pJL*Jb 

a #• c- 

w (Geocentrism) l$J y>- jjOJ jySoJ 1^5^ (L5>ji) ^jNS 

j^JUJL \jjj-a (1618) ^_L*5 i _ 5 -jl — 0_3*y 1 j*_JL*JL> ^ i - >' j,-j 

«■ 

1 > — 4— ^y y55-J^y y5(^ ■ 7 ri(5^ . ^yj l y5 

j^S ^nJ J-i j .(Heliocentrism) t^J_y>- jj-G ^yVlj 

. t ciALkll ^-Lp ^ 

^23(1 ^Jas y* 1 (j y>- jjJu t_5j5 ,J5 ( ) jLwuo _ 1 

! !j5L& .4^Jjy) ^9 ^yvO-^Jl ^JL 



£- 


- o~ 


_clJL> t^S y5Ul „ya ,j (j*_g-wJl) _ 2 


: liSOk , 4 jjL-JCo 4-J^oj CjI 4jjL^U oU-Lw« (^iajsj) 



-Lp-Ij >w~ 5 j5 4 — _v2_laj (j) y^jJl (^j -4 - 3 

* * 

(u) c>j^j ^x» Lo j!h L^Lj v— — ^Ixzj (J ^>- ‘cLolS' 
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^ ^ l ^ l t lj t C J) < U . ij ^ . 1 1 

. ^J-<>^Lvvw^J 1 ^j-*>LJiJi <JLj\JlZ>~ A3 '*^S' a] Cj Ij C ^j_*jJ! C5^i 

t^iJlij 0 ^_^Jl l)Ij Oj-^jL wlA-LaJl ^L^Lp ol ojLiNl jAsnSj 
tw*-Sl y^ Ul . L^Jwo As>-\ j y ^-^-.Jl l. * -^JL p U^ to j^JlS !i y£* 

^yyJij t(Earth) yjVl : yi “ 4 ^* yp- 4 pLLiSUJI ttL<Jtp 
yy-U- a -Jlj t (Venus) o^—AjJlj t (Mercury) :> jl W..pj t(Mars) 
t (Pluto) jJjJb j t (Neptune) j yyJj 4 (Saturn) JU- jj <■ (Jupiter) 

f. * j, 

J-aj 4 lyJi tyylj 4 ^^a~«Jl (J y>- jjAj L^LS)^ 4 (JJranus) ^y yljyj 

yJl (Elements) yP>LjJl ^-jJuj : (Chemistry) *L *~£j\ ^JL p 

^y_wwu UtJ Lyi-UvLL-j tCPL-J-a-P^ A-^w-laJl ya 1 g - a 4 — 4-1 LXa 
^jLjJI JiiL>cJ JaJUdl y . (Compounds) oLSy>j (Mixtures) 

# * u> (. 

^ lJ_> J->- Law«p>- yJl ,y Ul 4 ^y LoU Ly^>l y>- ^^.Lp 

ib>oi j^Aj * ~S _yJl yP ( JjL « Sj .4jtix>wJl ‘W^ji -/ZJ- <d (j j-$oj Owtr»«Jl 

^yjj .oUJl ^AAj yjJi (O) yya^U”^ ^ 1 jUy (H) yy-^jd . ^ ii jLp 

Lj <da_^ijj 4 Ajy y 1 oL-owUJl 4_i_Lj t o^Lp tJ-sP’LotJl i Uyjl yP 

y>cjl ^J«P ‘AAlsS y^o-t t^yUjl ^JjLaJli .<CoL-a-U3l 4jpL*_aJlj ^y>-^J 

.U,) :JhJl 

y-£-y> yJU! j,_L>Jl j_* j : (Natural Science) y-wJ? *JLp 

1 C ^y»— ^»j La 4 ia .. U y <Ls-*_^-daJl yolyliJl ^i_P 0 y^jUw 0 

0 * l 

g-l ^ ~ >N I j*~> L-o-? L^Li jj&l <iaj>- *yLo-i l-Lo ^^UJI 

p & M ^ . . 

^Ij olw? c — i-^SvjL 

,^-. Lp^ 4 ^>_1 _p_j 4 oCy-oJi *• ^ ■‘■■^ * 1 ^ yUJ l 4 ^-jL5 

L*Ll*_o oLyyJlj) oLyjsJl ol ,_y <cUyjLxJ! iUcUpxJlj .ciCLaJl 

La tliii ^y La-i t yy-M! tjlciaL ytyail j4-L*Jl _y (<C*^Jail 
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* 

(^Jj^>xj O/lLa aLy^aJl j*J_p •j-' 1 CjJ->cjI La j~£" 3 i ;»c_uOJl j*-1pj ^.*001 

jLJl ^aj*x] 

a_cl jj ^ ^.iJj-aJl ^J_*Jl j_a : (Normal Science) ^jIp jt-lp 

nL»_L*Ji J-^OLa L^_^jL»-jj l -g. e . la _i ^jOl oLwXAj j jv-j^J J-JLajj 

ijjj e- jJJ Juu p <_£ JJ! cJ jJLJt ^JuJ! «u) . (Community) 

La-lp Jjaj _^Aj ..Aj.L>- j-^5 a-L>Jj>- (_^| s j-Lj-i '■— "^ 4_wa_Lp 

-itxJL?- .ijjUa 4 -^*-Lp oL^taO jl o*>LSvJu^ Jj>- 01 ^J! 

a j^aj _5-^ -*JIp (* ^aJ a^JIp i?a «~ i 

frUip <u Jli jJ j OjiUJi ja : (Photon) jyji 

OijJajJl 4— ^L>s_i i 4A_>L^vJi s-j ./? H oLjjJij 01 J-*_i «-Lij_usJ! 

jLu jJ jj 0 jALIs JjA jAl jlaJI ^A*J ^ /jp C 4l^-^oJI 
4 j>i^_0v!3 ^Lp *■ j — a is— L-w-i (Circuit) ejl,} OXl—^ 

» j.Q H 0) t Oj-iJU ^OJI OLS’ j ; IjOLa .ojIiaJO !jl>- OLaj 

.OjjjO L§Jw« aJ_>-lj ( J S tiillaJ! (C*jj £<>->-) j i y^> v_aJ0o 
<JL 3 jJl <LoA^gJl 4j>^_^i_vaJl ^JlP ^jj_aJl ,1a 2 »«* ■> UjJ_Lpj 
1*1 j_j ^p I <j jS^i I j-i5dVLj 

jLL> 0 tajljJJ i OJJLJI ^J_>-1 a Lfri y>*j L^JU 4 (al jj 

,ai ^>- j ^0 ^j-oOOa o^jl ^JUl j^jL jOOl ^A 

-zj ^JlLw 2 >> : (Tautology) ( J_p>0>- J^soabj) aJUL^j 4_0si 

i»j A*-Ul L^lp j^*-i3 - 1 J-vsL>cJi < J. l<ll ./3,?xJ IaLj*jOJ i j»-Xp 

0C~o0l! 0) (_jl .«-LaJLi J_g_>0l J_«_i aL»J! .' 0 jJOIj C 

4~sAj 01 ^ ...~.«_ i t I JJ (J Lg.t.a- i a^^OjLi OcCS^^a-j |»JjLlj 

UlA j-j UO^>-lj t ( j_J^>-) ^A ^A (_$! .‘C_LJa^j (ajLjOl jl 4_L»->sJl) 

. ( j^>u>- o . .,(?->xj UJL 
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.dJLLDl jJU 


lk. 


ya k : (Eclipse) k y— S' 

k j^S La_& (jlj j^lk k y~kL!l 5 j^lkj 
k> y<Jl ( y kyc 


i ^ ~b I ] 1 c_3 j .. k ^ 

* 

ob-*kJ Lk j-^' v-3 j_^5v_!lj 

<L5L>- Jg dU^ l)_^-SCjj <jjj 

L- O i. ^ • -) ^ ^ I ^j_k I 3^ L< k Lk wA- kC - - 4 ^ y *<_. O— 1 i . . ■ ^ 

4 j-oki)l k 3 aJU>- ^3 ^. la ■>■») ^Lp k y ^ ^ ^ 

^xw». »xJ 1 Lk -La^k^o IkJJLP 

^t_Liaw 2 kJl oSf 4lUS •aJUI j*_Lp : (Theology) 

t^Iil L&lk^j «Theos» : L^jjs 4 c j^JLjj-i ^ cJJ j-k 

^ LkLjI ^ cjj-aMJIj .(j^luJI ji) jJLaJI UfclL^kj «Logos»j 

4 L^JLol 4 l ^ I JL + A >~j 4 4_& V Lj 4JLL*JLkJl <L*JkwUl C^L*kljJ-Jl 

<Lo C^LkljjJl (1)1 ^Ji ojlkNS jJ^kj .^Li La j 4 Ly l..q...A>j 

S * 

La 4 La k- ^Jjj 4fbk^1 4 LgkLiLj .Ly> Jj>- <k-s_^*wO oklj^ 


.LLjJL 




p-Lf' oLJkw 2 -a y_a jv-^—a iku ! (Variable) j_kk ~0 

£ ^ 

4 ^ y^_9 .y y>“LM jOyb*Jl ,-S I ^JLS AJaO takk-^al *X3^ . 4^14 ks4? L I 

, y£* l Ji.i 1 1 I 1 1 ^ 1 4 —4 L^^La-1 I I LaJ ! ^ 1 a.ilf- ^*a^j 

Lk^o Ls*)Lp i)Lj& ckl5 IS) Lo ki y_«Jj 4^^^*^! I ^ k„«-^> LylibL c- 
Jka (Correlation) LJa_>l y LS*)Lp jl ((Causality) L^yJ j 

i) jj>cju aJl*j><4j j 4 (m) kik” ^ j) -^ L ... j (b _ 5^^ (^") o^yii a^^Lp 

L_* ^jkajJlj SjkJli f = ma : UlSLa .(a) ^jLk oli 
wL^Jl ^wvkl 4^jL ^ yUJl yoly L )1 (_jJ! EjkM jJjxjj .ijkjlyLa 

Lo aLwkj . a k j I y oL£*kc- ol^ oIj_^*jlo ya 4 LULLS' 44 LJLj 

.(^jL £y>-) yll j\ (LSli ^oj>-) Jl jjJL aJi-'LwsLjj! ioLkp Axaaj 

y = ax + b y = ax 2 + (^L jl L!b) ijj^a l Jlc- j_yL La o^Lpj 

bx + c y = ax 3 +... 
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(Response) L> J5 : (Stimulus) jJla 

4w*-w>lj <Lli 4 s - a 1 1 ^3 LLi .^>Jl J-I 3 

.cLwil^l 3Uj>c^> ^1 4 ^_*_j^o 1 j^ 4 

^ ^ «->lj ^_L ^%-Lp ^3 ^ 4_-wkJ«oJl ^L,l (J^JL 4 «oLp 

# £ 

4 IwO j—o— P ^ISUl 4 _i_sj d)1 4 , (Watson) jj_~Js>l j ( _ r SL.^>V 1 

c-<lij,.4i^j L^LUj 4 ^j-> (J-S" olj^LoJU t 

clr^ oc-i f*-^ L< (J J dr - 

^1 iili o^Ui^l p_g_va-*j £. 11 ) Ji j . Jil V j _^si V iS _^L» £_Lc- 

4 J! L_)1_P La |»_gjw<i ^L_/?U jv^ULiia'i jJa.pl 4(Jj_SJi -L>- 

i_i-LgJJ 4— vuL-a Cj 1 j—la 1 aJj-o -uL -0 Ja— >X4» cj-ilS 

^ t- f- 

*ul»P Lo3 4 LJLw^- 4 OL 3j >- \ ( LU> . 4. — ’ j-LL^oJl ^ jj ^*J l 

4 ^ — _l^_Lv«J L -* i 4, .&! Lo ^3 ^ ym^mi i LI ) 

.4jLL 4 j-v^* V I J) 4*JL^» i 


ob*JLia_v2-4 ^ Uufcj ‘.(Parallelism) (^jl^J j!) oljl y> 

(Similarity) ^Jl^\ .oL^L^Jl ^Jlp ^ A^JLLgJl 

^j Ug . T . l l LL^LJL^O ^L^?! Lo~& jl jJLoJl ^.s^J^*.<>J i / ^Ja . > ti| (j'y 

*UJ1 £_>a 4 Lo. ^ */?-*-> LI LI j g L 1 4_<lLL>eJ' ©Jj& ^a . 4jL) U fl-oJ I ^1 
^ 0 * * 

! I Jj>L^ L>~s Ua?- olj^lajj (jla-iaJo U-^U t Lo-^jjijj 


— wLaJi ^iJl dili ^ : (Epistemology) Si Sj^ial 

. L^j > w?j j J 4 Laj^LsAjj Si Jl Ajwls ^ij-b (_5 -ill 


Si 4 ^»JLwJl (episteme) S— >Uj-J! ^y> ^yx^A ^1 
! i_A J-io -tij . J-kj-^Jl jf j-w-4-jixJl (logos) ^ j-P jJ j 4 £_L*J! j! 
£lj J-U^ i ^-uL ^SLJl v_i LutSl -b ^;j^W cj> yi ^J. L ^ g JI 

.(1864 _ 1804 ) t-ijJ 
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^Lp U>-^j b' ' m 3 j-a ^3 ^jjLiJi j»J i*A jb jij 

•lUbp^/l J 4jLJL>*Jl JJLa i_S j->-l oN jJL«_j L^JlLvSJ Si j-*_o Jl S_*_w_Ls 
^U l UUp ( ^b\jCj bp- ji j-«— I j! US' ! j 

. Sij^UU j*pIjUIj olf-lpi'Vl JU- l_ojJI ^>j i Sjj*Ul 

^ > 4i^_*_ tt Jl La . ^j-IUll (Jlj_Ul ^ jJa_> 4 _<jJ_SLj j 

? ( j^«bJl Ujju bbj ?Si j*U! v_~^iSo t_i*S j 

jSJd\ S— j_u iUip^/l iU. : (Relativity) U^JI SjjUJI 
.oLSJLUs oLSUJlj (jLajJ! (jl «U> IJLaj .4JLUsl« SS j->Jl <jl ^jJ jUl 

^Ai .L^vjUI ^ja a jU.il aijfc jlp ^jjUUl O jj! ^L^Ull j*JUll ^jU! 

^-/5 j ®SS j^xX*Jl ^U»p- jU Sbl j^SJl SSj>tJl® j**- 1 (J/axU«JI 4b>cj 
4U>-bUJl j.-Xptj * ^Av^lUil ^ -.— 'J I Sj jUJU* L 0^3 jP a«Xi^L>- <U jlSa 
jjbol oL>ejI a_Jj o~U>j b> ^Ip 4-j jU a-U ^ji j^ip! jjUUjI ol 

/ p 

l_v^23j d)L^3 4 o_Lj Ju>tJI 4j ^J ijJi jJbjS>- U»l . JJo j^J dJoj-LL* 

(1) jjli a«w*jL» t*_9 j& Jl A_L P <1) jpLSJlj A j-Ua^Jl iS* j>x . Jl I Jw^<J 

.0 ^1 *& js>cJl ( /^p ill* Ip d)l j*pij ^JJI ^>ld3! j j-^slaJU 

SS jp“ IS j>x^a JJi) ii jptX-Ul^ LaSUj ^jSUil ^w«*>sJli 

/jp ^ISSil i bl ,ui j <_!j_J S_p-jLp- a ji <ui jjjS pJ b Ufa.:: a 

SS jp- (jl yA /^UUU JJtP JjXJIj .aJ "jf U .S-l-la, a S5” j>-^ 

j»_^vj>iJl Sp j~u (jl SjJj-L>cS ej j*,<o i j .iw*il jUJ a ^ ^*s ^U^-Nl 

^jSUj j^ 1 *i i_s^ “U"_^d •* ^1 j-U-l Ob — . *j Ua <L*L>tJl_j 

<< 

jluiP'l «U.^jJJ Aj ^J aJl ^jLdJI ( \^J .AiUaii> aS* L*->- ojLipI 

4 iS jj>cJLoJl aJjiS” 4 ilx^Jl 0} (J (1)1 jl iSUaJj aJ^I^o A-llSsJl 

Aj j p— 1 A £* L^ *, j IS* 1 -j I 4 ^ \ ^ 4 A5 f uJ^^x-o 

Jj J .U /J_a 80,000 jl Li /^ 300,000 ilJ ^yJi 

ip ^j- 43 ^ aIuSIJI — A^llaJl ! ^bJl (j ^jLilL dU^ ^j-p j^_p 
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84 _s<?L>tJl JsjJU ^Jl JiL^L .E = me 2 1 f- j .J? ll 


2 2 

= me * 

aJIsLLxSI <Jlj -Aij L» «<L«t*Jl <Uw~jJi <L> ^IxJlejl 

>( Jj jj ajjl>- La IfJl 
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ulilgr.Uffaungll Cuj 


Ether 


Perception 


Electric Displacement 

4_oL 

Polarization 


X-Rays 

^ 6 - 

Cathode Rays 

4^1 Q. t , ^4 \ 

Thesis 

Ap- j jJa\ 

Electron 

jj j£S\ 

Reflection of Light 

(■ J^3j\ 

Refraction 


Combining Weights 

JL^\ Oljjl 

Optics 


Elective Affinity 

^Lial i ill* 

Gravitational Attraction 

JUi *_ols£ 
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Verification of Theory 

Aj ^yia j 

Analytic-Synthetic 


Overlap 


Composition 

j) 

Acceleration 

£jLJ 

Concept 


Calendar 


Falsification of Theory 

Aj jjalll v 

Electrostatic Repulsion 


Molecule 


Corpuscle 


Gestalt 

(aJlS - e jiaj) cJUa.>l>- 

Circular Argument 

At- yjil iiU-1 

Intuition 


Specific Heat 

t J\ 

Oscillatory Motion 

iS" ^>- 

Transverse Wave Motion 

6^/3 jt- j-c O j_>- 

Scientific Field 


Circularity 

( AP jAA AaL>- 

Acidity 


Idiosyncrasy 


Mixture 
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Subatomic 


Dynamics 

Atom 

Graph 

Aberration 

Velocity 

Inclined Plane 

Calorie 

Occult Quality 
Mystic 

Kinetic Energy 
Wave Length 
Spectrum 
Phenomenon 
Photo-Electric Effect 
Lens 

Meteorology 

Taxonomy 

Aesthetics 


djP 

ISL-jLo 


0* 


QLo J as>- 

Jjlil (_£ 

t 6 


<UfT iilia 

i>- jil J jis> 
. Lb 


A jAlii 

*Uj a jJfcUill 


ijJLl jJp 






r 1 * 

JU^-I jJLp 
L>- /sLd-l 


diUll jJlp 
a- i - b \J 1 ^..l.p 


Biology 

Astronomy 

Chemistry 
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Natural Science 


Normal Science 
Photon 

Electrical Conductivity 

Law of Fixed Proportions 

Tautology 

Force 

Mass 

Quantum 

Theology 

Variable 

Stimulus 

Galaxy 

Ad Hoc 

Orbit 

Telescope 

Compound 

Conception 

Absolute Space 

Parallelism 

Matrix Mechanics 

Theory 


(ixb Jp1 ji ji) j*JLp 

io It) i 0 jjii 

(Lob iibU?) LLU 

a jS 

ibb 

o 

4 

ctiij /jl-Xa 

( li jA 

(jJJfla <jbb> 

Siji yA 

Cob 
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Chemical Affinity Theory 

L-iJUl Aj jJaj 

Caloric Theory of Heat 

Aj jiaj 

1 Epistemology 

A3 Aj jiaj 

Theory of Relativity 

1 Aj 

Theory of Energy Conservation 

A Q i ll \rs j ]g i 

Geocentrism 

kj*> 

Heliocentrism 

AjjS jA Aj j!hj 

Nuclear Theory 

Aj j jj Aj ^Jaj 

Pendulum 


Vibrating String 

./J 

Atomic Weight 

iS'j* Aj j 
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a-yji _ 1 


<Lo->-j. 1 . ( _^JL«JI >— »i>t . 11 J.JiZ.A .^j\S tjjjj 
(<U«JUJI AS j^aJl (J y^> 1) .2006 4 Ao-?- Ji . U Ao jJ<J! A»la^o.il ! l>j ^ 

AoJ>- - y . C^Lw?Li jJI (J . Jjl jA J J i J-^J 

4 .1964 i jb ; o^ftLiSl .slji _l»^>-Ij 

. 5 jJj .' j~y?L*lJ ^g^wLaJl y£iJl ^ . jl*^z _u_st t p_^Li 

.2000 4 Ajj^Jl a .., 1 ? ^.. ' J i jb ! [oj jj] 

tjJl 

: SJsI^SjjJI <_/ <>K^ ls* 

SJl>- jM oLwtji jS jA lfro-la.> i _jdl Aj jibLil A jJjJl OLiil '»AJ CA jS*lj 

.1992 4jb^»Jl '. cajj~i .a-j^*JI 
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